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The purpose of this investigation was to study the rate and degree of 
emptying of the normal male gallbladder under the stimulus of a stand- 
ardized dose of cholecystokinin. 


Material. Fifteen male volunteers, all healthy young medical students 
with no history or symptoms of gallbladder disease were examined. Their 
ages varied between 21 and 26 years with an average of 23.3 years. They 
were all given tablets of Telepaque on two consecutive days, the dosage 
being 3 g on the first and 4.5 g on the second day; during this period they 
had their meals as usual. On the second day the students took the tablets 
| hour after the last meal, after which they fasted until the experiment was 
carried out on the following morning. They were not prepared in any 
other way and no enema was given. 


Procedure. Two plastic plates were joined at right angles and so placed 
on the examination table that one lay flat on the top and the other verti- 
cally and longitudinally to it. A row of small lead pellets, one centimeter 
apart. was embedded in each plate perpendicular to the length of the 
table. The subject was placed in the supine position on the table with the 
back resting against the horizontal plate and the right side touching the 
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Fig. 1. The position of the test subject and the arrangement of the 
plastic plates. 


vertical plate so as, presumably, to bring the gallbladder into line with 
the two rows of lead pellets (Fig. 1). Two roentgen tubes were directed 
at the gallbladder, one w ith a vertical beam from above and the other 
with a horizontal beam from the left. The central rays from the two tubes 
were in the same plane as the two rows of lead pellets, and the rays inter- 
sected each other at the presumed location of the gallbladder. A Bucky 
grid was used for the a. p. films, the distance between the film and the 
horizontal plastic plate being 12 cm. The lateral films were taken with a 
stationary grid in contact w ‘ith the vertical plastic plate. The horizontal 
FFD was 90 cm and the vertical FFD 100 cm. Pairs of films, consisting 
of one a. p. and one lateral, were obtained. All exposures were made at 
the end of full expiration. The subject was placed comfortably in the 
correct position and instructed not to move during the experiment. ‘The 
first pair of films was taken, processed and inspected. If the gallbladder 
was found to lie outside the included area, the position was changed anil a 
further pair of films was taken. If the first pair of films was found to be 
satisfactory one ampoule of ‘Cecekin Vitrum’, containing 75 Ivy «log 
units of cholec ystokinin (as assayed by Ivy and JANECEK 1959 and by 
Jorpes, Murr and OLBE 1959) and pancreozymin dissolved in 10 ml 
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Transparent strip of paper 


SCALE 9% 


lead pellets 


ap. | lat. 


proj. | proj. 


Fig. 2. The construction of the five cross-sectional areas of the 
gallbladder, the method used to establish the enlargement for each 
measurement. 


saline. was given intravenously. The duration of the injection was always 
30 seconds. Pairs of films were taken at the following times from the 
beginning of the injection: 1, 3, 7, 15, 31, 47 and 63 min, with an interval 
of 10 to 15 see between the two films of the pair. In four cases the experi- 
ment ended after the 47-minute pair. 


Method of computing the volume of the gallbladder. Kach measurement 
in the films was reduced to its true value as follows. From the lead pellets 
visible in the a. p. film of a pair, the distance between the gallbladder 
and the lateral film could be roughly measured; it might be, for instance, 
12 cm (Fig. 2). A 90/78 enlarged ‘centimeter scale’ was now prepared 
on a strip of transparent paper and placed on the lateral film. The scale 
could now be regarded as an image of a correct centimeter scale lying at 
the same distance of 12 em from the lateral film as the gallbladder. The 
central ray in the lateral projection was at a distance of 26 cm from the 
a. p. film. The scale was placed so that its 26 cm mark was at the same 
level as the image of the 26 cm pellet. It was now possible to read directly 
on the paper scale the distance of the various parts of the gallbladder 
from the a. p. film. When a measurement in the a. p. film, for example of 
the length di, was taken, its distance from this film could be read on the 
scale (Fig. 2). The necessary reduction factors were similarly read directly 
on the scale. In the example given, the distance was 24 cm and the 
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Fig. 3. The method of constructing the cross-sectional areas when the gall- 


bladder in both projections was curved, with the longitudinal axis oblique to 
the other projection. 


reduction factor 0.76; for ds in the figure the factor was 0.73. A corre- 


sponding scale was made and used on the a. p. film for the measurements 
in the lateral film. A small number of these scales covered all cases, as the 


variation in position of the gallbladder was relatively small. 
The volume of an elongated rounded object may be computed as 
follows. Its greatest length (D) is measured, as well as five cross-sectional 
areas (di, dz, ds, ds, ds) perpend'cular to D and evenly interspaced from 
each other and from the endpoints of the object. The cross-sectional 
areas will then divide the object into six slices, each of the same thickness. 
D/6. The volume (V) now follows Simpson’s formula for numeric inte- 
gration: 
D | 
18 (4a. + 2a2 + 4a3 + + 4as) 
This expression holds for true ellipsoids and has been used to estimate 
the gallbladder volume, subject to small errors inherent in the fact that 
the gallbladder is not truly ellipsoidal. 
The projection of the distance D was drawn and divided into 6 perts. 
In both the lateral and a. p. film of a pair an imaginary plane perpendice tlar 
to D was produced for each division, and the two projections 0! its 
section with the gallbladder were constructed in the films (Fig. 2). “‘his 
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ented no difficulty except when the gallbladder was curved in both 
ections with its greatest length D forming an angle to both films. A 
: elaborate construction was then necessary (Fig. 3). 
Jach cross-sectional area was considered to be an ellipse; if its semi- 
are a and 6, its area is x- ab. Only the projections (d: and d,) of two 
eters of the ellipse could be measured, however, from the two films. 
r being multiplied by their respective reduction factors these projec- 
s were used in the calculation of the cross-sectional area as if they were 
semi-axes of the ellipse: 2-d, d,. This gave a somewhat larger area 
i the true one, but the error was insignificant so long as the eccentricity 
he ellipse was moderate. For instance, if the greater axis is 1.5 times 
lesser, and the angles of the projections d; and d, with the true 
are as unfavourable as possible, the error will only amount to 8 %%. 
ecentricity of such magnitude was, from the appearances of the films, 
vbably infrequent. When the five cross-sectional areas had been esti- 
ed. the distance D was calculated from its two projections, and the 
ime was arrived at by applying the aforementioned formula. This 
done for every pair of films. 


Results 


For each gallbladder a curve was plotted in a diagram (Fig. 4) that 
showed the changes in volume after the cholecystokinin injection. The 
initial volume of the gallbladder varied between 60 and 14 ml with an 
average of 33 ml. After the intravenous injection of approximately one 
Ivy dog unit cholecystokinin per kg bodyweight all gallbladders evacuated 
a varying amount of their contents. The greatest v ‘olume expelled was 27 
ml and the smallest 8 ml, the « average evacuation being 15 ml. From the 
observed data the main emptying was completed after 15 min as there 
were only slight changes in volume between the 15-min and the 31-min 
films. After 31 min. although a few gallbladders continued to empty 
sluggishly, there was on an average a steady increase in volume. It is 
probable that the evacuation continued for some minutes after the 15-min 
films. but was masked by this increase in volume which started some 
time before the 31-min film. The refilling of the gallbladder was in two 
cases so rapid that the organ had regained its initial volume by the 47-min 
film. The greatest refilling amounted to 19 ml. In three cases there was 
no r filling but the gallbladders continued to empty throughout the whole 
experiment. The average refilling was 7 ml. 

{ curve over the emptying rate (Fig. 5) showed that the first 15 
minutes, constituting the main emptying time, could be divided into three 
periods: rapid emptying (2 ml/min) in the first minute, slow emptying 
(0.° ml/min) in the next two minutes. and a period of increased emptying 
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_ 15 individual curves= 
\ Average curve =—— 
\ 


min 
Fig. 4. Changes of the gallbladder volume after cholecystokinin 
injection. 


(0.8 ml/min) between 3 and 15 minutes. From the diagram of individual 
curves of volume changes (Fig. 4) it was evident that many curves had a 
small hump that represented a period of slow emptying; in three of these 
humps the curves even rose, apparently representing a short period of 
refilling during the main emptying phase. This period of slow emptying 
occurred at different points of time for the different gallbladders, which is 
the reason why this period is not so distinct in the average curve where 
the individual curves partly cancel each other. 


Discussion 


BoypEN has published extensive investigations of the emptying of 
the gallbladder provoked by different fat-rich meals but based his volume 
measurements on p. a. films only. He observed the aforementioned 
phenomenon of humps in the emptying curves and called this period the 
two minutes pause. He drew the conclusion that the initial rapid empty ng 
occurred simultaneously with a sudden relaxation of the sphincter, that 
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4 


ml 
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Individual curves 
Average curve 


47 min 


Fig. 5. Emptying rate of the gallbladder after cholecystokinin in- 
jection. 


the two minutes pause was due to the resumption of its tonus, and that 
the subsequent emptying occurred when the gallbladder tonus had in- 
creased sufficiently to overcome that of the sphincter. 

In the description of the method for computing the gallbladder volume 
given here it was stated that when the cross-sectional area of the gall- 
bladder is eccentric, the estimated volume will be bigger than the true 
one and that the probable error will grow rapidly with the eccentricity. 
The relaxed gallbladder is more eccentric than one with a high tonus and 
will give a greater estimated volume than the latter, even though there is 
no real difference in volume between them. The tonus changes of the 
gallbladder therefore affect the emptying curve as apparent changes in 
volume. At least part of the apparent initial rapid emptying must have 
been due to an increase in tonus, and the apparent refilling in the humps 
may have been due to relaxation of the gallbladder wall. That actual 
short periods of refilling took place during the humps in the present 
investigation is improbable since the bile ducts, in the three students 
in whom this seemed to be the case, were well filled with contrast medium 
alter this pause. 

The average emptying ended at a point somewhere between 15 and 31 
min. At 15 min the average expelled volume of bile was 38 °% of the 
in tial amount. 
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In BoypEn’s work the first period of emptying ended on an avera e 
at 32 min, and the average expelled volume at 15 min was 31 %. whi h 
seems to be almost as good an emptying rate for a fatty meal as fo a 
cholecystokinin emptying. At 15 min, however, the fatty meal empty g 
is proceeding at full speed while the cholecystokinin emptying is on t \e 
decrease. The initial emptying rate is faster for cholecystokinin. 

The great range of variation in gallbladder emptying among th s« 
normal young students makes it improbable that these curves can ha ve 
any diagnostic value. 

None of the students experienced any pain during the emptying. So xe 
felt a slight ‘tension’ in the right hypoc -hondrium during the first mini te 
and about half of the students noticed peristaltic movements. 


Conclusion 


Cholecystokinin consisting approximately of one Ivy dog unit per «xg 
bodyweight, induces in young healthy men a prompt and rapid evacua- 
tion of the gallbladder that continues for about 15 minutes. by which 
time 38 °%, of the initial contents is emptied. The average amount of total 
expelled bile is 45 %. The individual variations are so great however. 
that it is improbable that the emptying curve can have any diagnostic 
value. 


SUMMARY 


The gallbladders of 15 healthy young men were emptied under the stimulus of chole- 
cystokinin, and a. p. and lateral films were obtained at given time intervals. A method 
is described whereby the volumes of the gallbladders were computed. Tke results are shown 
in diagrams and discussed. 


ZUSAMMENFASSUNG 


Die Gallenblasen von 15 Jugendlichen wurden unter Stimulans von Cholecystokinin 
entleert und a. p. sowie laterale Aufnahmen zu bestimmten Zeitpunkten angefertigt. Eine 
Methode zur Berechnung des Volumens der Gallblasen wird beschrieben. Die Resultate 
werden an Hand von Diagrammen gezeigt und diskutiert. 


RESUME 


L’évacuation de la vésicule biliaire de 15 jeunes hommes en bonne santé a été p0- 
voquée par la cholécystokinine et des radidgraphies de face et de profil ont été prises a 
des temps déterminés. L’auteur décrit une méthode permettant de calculer le volume de la 
vésicule biliaire. Il présente ces résultats sur des graphiques et les discute. 
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TISSUE OXYGEN CHANGES FOLLOWING 
CONTRAST MEDIA INJECTIONS 


by 


Ragnar Hol 


All living tissues have an incessant need for oxygen which is trais- 
ported solely by the arterial system. The present article is a report on 
the tissue oxygen changes found by continuous polarographic measure- 
ments in nembutal- anesthetized dogs following arterial injections of 
hypertonic solutions, such as are ordinarily employed in roentgen exami- 
nations with contrast media. 


Technique. The polarographic analysis was originated by J. Hry- 
ROVSKY who used a dropping mercury electrode. The method was applied 
to ‘in vivo’ studies by Davies and Brink in 1941. A constant voltage of 
0.6 volt is applied to two electrodes, the negative electrode being of 
platinum and the larger positive, or reference, electrode of silver-silver 
chloride. When these electrodes are immersed in an electrolyte containing 
dissolved oxygen a reduction of the oxygen will take place at the negative 
metallic surface causing a current to flow in the circuit, which (measured 
in ampére) will be linearly proportional to the oxygen available at the 
electrode surface. Provided that the polarographic electrode is small. 
the system is only slightly oxygen-consuming and the body of the solu- 
tion will remain practic: ally une hanged. 

In the present experiments the electrodes were inserted into the 
muscular tissue of the thigh, and in one case also into the cortex of the 
brain. The general and local blood pressures were measured through 
catheters connected to strain- -gauge manometers. The impulses from ‘he 
polarizing circuit and from the manometers were lead through pre- 
amplifiers to a Sanborn four-channel recorder. 


Submitted for publication 1 September 1959. 
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TISSUE OXYGEN CHANGES FOLLOWING CONTRAST MEDIA INJECTIONS 


Hypaque 10m| 
Relative 220 


oxygen 
tension 210 


(muscle) 200 


Systolic 150 
general 425 


sure 


min 

Diagram 1. Injection of 10 ml Hypaque 45 ° into the abdominal 

aorta produced a marked increase in the muscular oxygen tension 

of the thigh, even when the general blood pressure was practically 
unchanged. 


Results of experiments 


In the first experiment a catheter was introduced percutaneously 
through the right femoral artery up into the lower part of the abdominal 


aorta. The electrode was inserted into the left thigh of the animal. Fol- 
lowing an injection of 10 ml Hypaque 45 %, (sodium diatrizoate) no 
blood. pressure decrease was observed. The tissue oxygen showed an in- 
crease during the first minute after the injection and decreased only 
slowly during the remaining observation time. The injection lasted only 
a few seconds (Diagram 1). 

A different reaction occurred when the contrast medium was injected 
more slowly (injection time 12 seconds) through a catheter directly into 
the femoral artery. After a small initial fall the oxygen tension rose to a 
maximum within 40 seconds, wherafter a definite fall to below the initial 
level was registered. The initial level was reached again about 3 minutes 
alter the start of the injection (Diagram 2). A second i injection, not shown 
here, produced similar changes except for a longer lasting late depression 
of the tissue oxygen. The tissue oxygen tension is influenced by the aera- 
tion in the lungs and by the local oxygen consumption, as well as, more 
important to this study, by the blood pressure, the pe ripheral resistance, 
and the blood flow. Earlier authors have studied the changes in the three 
laiter factors following contrast media injections (WEATHERALL, BROMAN 
and Oxtsson, Bassetr et coll.. Scomipt, AMUNDSEN. AMUNDSEN and 
Greirz, KAcstréM. TORNELL and LINDGREN). 
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Hypaque 10ml 45% 
(femoral artery) 


| 


Relative480 
oxygen 470 “Af 
tension 460 | 
(muscle)450 + 


press. 150 
mm Hg100- 
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Diagram 2. Diphasic oxygen tension curve after slow injection of 
10 ml Hypaque 45 °, into femoral artery. Insignificant change in 
blood pressure. 


The relation between blood pressure, peripheral resistance and blood 
flow is given from the equation: P =r x F where the letters indicate 
the factors in the order mentioned above. If the flow can be kept constant 
the two other factors will be proportional to each other. This was accom- 
plished by the following arrangement (Fig. 1). The femoral artery of a 
heparinized dog was severed and a polythene catheter introduced and 
ligated to its proximal end. The tube was connected with a calibrated 
pump and, distal to this, side-tubes for pressure control and contrast 
media injections were inserted. The other end of the system was ligated 
to the distal stump of the artery. 

In a dog in which the flow to the leg was kept constant at 60 ml per 
minute, two successive injections of 10 ml of normal saline at room tem- 
perature were made. Following the first injection the pressure within 
this small extracorporeal circuit showed a prompt fall and subsequent 
rise due to the decreased resistance caused by the temporary viscosity 
changes. The second injection of saline differed from the first in producing 
a somewhat more persistent blood pressure decrease, an effect which 
was seemingly not produced by the viscosity changes alone (Diagram °*). 

The tissue oxygen tension showed practically no change after t!e 
first saline dose, apart from a small initial peak corresponding to the 1- 
jection and caused by the momentary increase in pressure within te 
circuit. (The latter is not shown on the curves.) The second saline dose 
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produced, after the same initial 
peak, a fall in the tissue oxygen 
of short duration which again 
reached its pre-injection level 
sooner than did the pressure in 
the circuit. Thus the decreased 
resistance to some degree fa- 
voured the restoration of the 
tissue oxygen, probably by the 
opening of more of the capillary 
bed. 

A third injection, this time 
with 10 ml Hypaque 45 °% pro- 
duced changes both in the oxygen 
tension and the blood pressure 
following the same pattern as in 
the second saline injection, but 
with a longer duration of the 
blood pressure fall, and with a 
marked increase in the tissue oxygen following the initial rise and fall. indi- 
cating more marked vasodilatation. 

It was considered of interest to observe the possible changes in the 
general blood pressure with this experimental arrangement. In another 
dog. 10 ml Hypaque 45 °, were injected into the circuit and the injection 
was repeated after about 10 minutes. The response of the blood pressure 
in the circuit. and the oxygen tension variations. were of the same type as 
found in the previous experiment, except for a longer duration of the last 
phase (Diagram 4). The second injection brought the blood pressure 
further down. whereas the oxygen tension after the usual initial rise and 
fall showed only a slight further increase. 


E\LECTRODE 


Fi. 1. Experimental arrangement for the study of the 
vascular reactions under controlled flow. 


Saline = 10mi+10mt Hypaque= 10 ml Diagram 3. Reactions of tis- 


sure in an extracorporeal 


Relative 210 + circuit. Two injections of 
oxygen 200 on | Sa : saline and one of 10 ml Hy- 
tension = | En. paque 45 °, were made. The 
sein the tissue oxygen after 

the initial rise and fall. The 
a blood pressure in the circuit 
Maximum 15044 decreased, indicating a re- 
504 i with decreased resistance 


+ (flow in the artery 60 ml 
12 min min). 
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Diagram 4. Effects of two successive injections of 10 ml Hypaque 45 °%. The 
second injection had only a slight further effect on the muscular oxygen tension. 
The general blood pressure showed a small peak corresponding to the maximum 
decrease in the extra-corporeal circuit (flowjto the femoral artery 65 ml/min). 


The general blood pressure. as measured through a catheter in thie 
brachial artery, showed a moderate increase, beginning eight seconds 
after the start of the injection. It reached a peak simultaneously with 
the maximum vasodilatation, as expressed by the local fall in the hind- 
limb circuit. This small rise in the general blood pressure is not seen in 
free circulation as it is then masked by the depression caused by the 
peripheral vasodilatation. It is however interesting, and it may hint at 
a reflex mechanism with peripheral receptors. It was not reproducible 
by intravenous injections of Hypaque. About 45 seconds after the start 
of the injection the general blood pressure fell slowly until below the pre- 
injection level. this possibly being the result of a pooling of blood in the 
hind-limb. 

Similar experimental arrangements also were applied to the common 
carotid artery, the polarizing electrode being inserted into the brain 
cortex through a trephine hole. The mean general blood pressure. as 
measured in the brachial artery, showed a more complex initial response. 
ending with a decrease gradually subsiding until the pre-injection level 
was reached about two minutes after the commencement of the injection 
(Diagram 5). 

In this experiment the oxygen tension bore a more constant relatio: 
to the blood pressure changes within the extra-corporeal circuit. The ox: 
gen relations present here differed from those evident in the muscle 
A possible explanation to this may be that any depression of the blox 
pressure in the carotid artery will cause a lowering of the oxygen tensi 
since the brain is well oxygenated beforehand; the supply by end-arteri 
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may also play a role. However, the 
tive 

en analysis ofthis experiment ismorecom- 
te plicated than the previous ones since 
{ Nn 
(b ' other arteries of the head are also sup- 
Me plied with blood through the same 
ge eral ‘ 

Comments. The concomitant 
changes in the blood pressure and in 
the peripheral resistance were largely 
in accordance with the findings of ear- 
lier authors but new features were 
revealed by the experimental arrange- 
ments securing a constant flow to an 

min  ¢Xtremity. The effect of the contrast 

medium injections on the tissue oxygen 
Disgram Injection into common carotid 
ari ry, under controlled flow (160 ml min), of | tension was found to be different in the 
10 ml Hypaque 45 %. The general blood pres- cortex of the brain and in the mus- 
sure showed fluctuations but predominantly 
lowered values. The oxygen tension of the  Cles. The nature of this difference is 
br n cortex, and the pressure within the extra- not clear and the need for further ex- 
corporeal circuit, decreased more in unison than 

in the previous experiments. periments is indicated. 


Conclusions 


1. Simultaneous recording of the tissue oxygen tension and the blood 
pressure under controlled flow is a method well fitted for the study of 
peripheral reactions to contrast media. 

2. Polarographic electrodes are easily applied to any organ. 

3. Different responses of the vascular system to injected contrast 
media may possibly show characteristic variations of the tissue oxygen. 

4. Variations in the oxygen tension were also observed when the 
general blood pressure was unchanged. 
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SUMMARY 


The polarographic method for determination of the tissue oxygen has been used for 

study of the vascular reactions to contrast media. A well-marked response to the 

rast injections was noted even when the blood pressure was practically unchanged. 

reactions were also observed under controlled flow. The oxygen tension response in 
brain cortex was different from that found in the muscles. 
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ZUSAMMENFASSUNG 


Die polarographische Methode zur Bestimmung des Gewebssauerstoffes wurde 
das Studium von vaskuliren Reaktionen gegeniiber Kontrastmitteln angewendet. 
zeigte sich nach Kontrastmittel-Injektion eine deutliche Reaktion auch bei — prakt 
gesehen — unverinderten Blutdruck. Diese Verainderungen wurden auch unter Be: jf- 
sichtigung der Blutzirkulation studiert. Der Grad der Sauerstoffspannung der Hirnri le 
war verschieden von dem der Muskulatur. 


RESUME 


L’auteur a appliqué la méthode polarographique de dosage de l’oxygéne tissu! ire 
pour étudier les réactions vasculaires aux moyens de contraste. I] a observé une réaction 
nette aux injections de contraste, méme quand la pression artérielle reste inchangée. ‘es 
réactions ont été observées aussi sous débit controlé. L’effet sur la tension d’oxygéne dns 
le cortex cérébral a été différent de celui observé dans les muscles. 
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FE M ROENTGEN DEPARTMENT I (DIRECTOR: DOCENT GUNNAR JONSSON), SODER- 
SJUKHUSET, STOCKHOLM, SWEDEN 


ROENTGENOGRAPHIC DEMONSTRATION 
OF THE CORONARY ARTERIES 


by 


Gunnar Jonsson and Lars Hellstrom 


DorrER & FRISCHE (1958) state that since JONSSON in 1948 published 


his preliminary report on the visualization of the coronary arteries there 
has been no significant contribution to the methods of visualization of 
the coronary arteries by injecting contrast medium into the ascending 
aorta. This may be true. 

In the report published in 1952 by Di GucLtieLMo & GuTTADAURO 
which was based on our material, contrast-filling of the coronary vessels 
was only a side effect obtained during the examination of different forms 
of congenital and acquired heart disease, coarctation of the aorta, and 
patent ductus arteriosus. 

The examination technique was not then standardized. Irrespective 
of whether the injection was made into a vein or into the pulmonary 
artery, angiocardiography after the introduction of a contrast medium 
on the right side proved to be an unsatisfactory method for the roentgeno- 
graphic demonstration of the coronary arteries. In the examinations 
using thoracic aortography, the tip of the catheter had been placed in 
the ‘middle or upper third of the ascending aorta’; in the catheters 
eniployed, Nos. 9 or 10 F, the bore was at the tip. The automatic film 
changer allowed little more than one pair of films to be exposed per 

Submitted for publication 22 October 1959. 
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Fig. 1. A. p. and lateral views. The catheter lies too high in the ascending aorta; the filling of the aortir 
bulb and coronary arteries is incomplete. Aortic valvular stenosis. 


second and carried only ten pairs of cassettes. The pressure apparatus 
used for the injection was of simple design; it was manipulated by hand 
and was not calibrated, with the result that the amount of contrast 
medium injected per time unit was more or less a matter of chance. 
Hence both the exposure and the injection techniques were unsatisfactory. 
In spite of these disadvantages, the coronary arteries nearly always filled. 
However, in view of the fairly heterogeneous material presented by D1 
GUGLIELMO & GuTTADAURO, the doubts expressed by DotrER & FRISCHE 
regarding the reliability of the method are justifiable. 

The possibilities of demonstrating the coronary arteries have been 
considerably improved by the introduction of a film changer which makes 
exposures in more rapid succession — as many as six views per second 
in two planes at right angles — as well as of an automatic, calibrated 
pressure syringe. In order to gain an idea of how often distinct demon- 
stration of one or both of the coronary arteries was achieved, we have 
reviewed the thoracic aortographies carried out in this department 
during the past five years. 

Most of the examinations were carried out in patients with coarctati 
of the aorta or aortic valvular disease. In no case had the demonstrat: on 
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ROENTGENOGRAPHIC DEMONSTRATION OF THE CORONARY ARTERIES 


Fig. 2. A. p. and lateral views. Satisfactory filling of the aortic bulb and coronary arteries out to the 
fine-t branches. The catheter, which is concealed by the dense contrast medium, lies with its tip 2 cm 
above the origin of the coronary arteries. Coarctation of the aorta. 


of the coronary arteries, or of pathologic conditions within them. been 
the main object of the examination. Thus, in the present material as 
well, filling of the coronary arteries was a side effect obtained in connection 
with anatomic studies of the heart and aorta. 

During the period under review, we used three different types of 


catheter. In the beginning, we only had access to a catheter with the 
bore at the tip, but during the past few years we have used almost with- 
out exception side-hole catheters of the same type as that described by 
LEHMAN, Boyer & WINTER (Usci. Nos. 9 and 10). In 26 out of a total 
of 63 cases a roentgenopaque polythene catheter (No. 205) of the type 
designed by OpMAN was used. This was furnished not only with a hole 
at the tip but also with 2 to 3 side holes. 

As already mentioned, the investigation includes 63 thoracic aorto- 
graphies. In 37 instances the patient had coarctation of the aorta. Three 
pairs of films per second was the rate usually employed for these examina- 
tions. Most of the other 26 patients had aortic valvular disease. As a 
more rapid succession of exposures is necessary to reveal the action of the 
valves in these conditions a rate of six pairs of films per second was 
used in the latter cases. 

The pressure in the automatic injection syringe varied according to 
the type of catheter used. In general, we endeavoured to place the catheter 
tip in the middle portion of the ascending aorta, and injected 20 to 30 ml 
of contrast medium per second. 

"he material has been divided into three groups according to the 
amount of contrast medium in the coronary vessels. In Group I, the 
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one showing the poorest fill- 
ing, were placed those cases 
in which the coronary vessels 
were visible only for a few cen- 
timeters peripheral to their 
origin in the aorta. In Group 
II, the proximal half of the 
arteries was visible (Fig. 1). 
and in Group III they were 
clearly demonstrated out to 
their furthermost peripheral 
parts (Fig. 2). 

The 63 aortographies were 
distributed over the different 
groups as follows: Group 1. . .6 
cases, Group II...10 cases, 
and Group III. ..47 cases. 

Both the coronary arte- 
ries were filled in all cases. 

In general, the filling had the 

same appearance on the right 

and the left side, unless some changes in the wal cui 
anomaly or pathologic condi- The right coronary artery is dilated. 

tion was present. In only 3 

instances did the filling appear 

different in the two arteries when no anomaly or pathologic lesion could 
be demonstrated. In these cases the flow of contrast medium from the 
catheter had been eccentric in the aorta and had been directed towards 
one of the coronary arteries, and a homogeneous mixture of blood and 
contrast medium was not obtained in the aortic bulb. 

In all cases in which a high concentration of contrast medium was ob- 
tained in the aortic bulb, the coronary arteries were distinctly delineated 
in their entirety. The concentration of contrast medium in the aortic 
bulb and in the coronary vessels was always the same, a feature which 
may perhaps be considered obvious. 

Groups I and II therefore include cases with such unsatisfactory 
filling of the aortic bulb that the small branches of the coronary arteries 
did not become visible. The reason for the poor filling of the proximal 
portion of the ascending aorta may be either that the catheter tip lay 
too high. or recoiled during the injection, or that the contrast med'um 
had been injected at a too slow speed; in other words the technique ad 
been incorrect from the viewpoint of coronary arteriography. 
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ROENTGENOGRAPHIC DEMONSTRATION OF THE CORONARY ARTERIES 


Fig. 4. A. p. and lateral views. The right coronary artery is dilated. Vascular wall changes causing con- 

striction of the lumen (arrow) are seen in the most proximal portion. Atheromatosis throughout the 

visible portion of the vessel. The left coronary artery is narrow. Both the interventricular and the cir- 
cumflex branch divides into thin collateral-like vessels. 


Towards the end of the investigation period. and after side-hole 
catheters became available. we therefore tried to place the catheter tip 
directly above the points of origin of the coronary arteries in order to 
obtain an opaque. homogeneous mixture of blood and contrast medium 
in the aortic bulb. With these catheters. the risk of direct injection into 
one or other of the coronary arteries, mentioned by us in earlier publica- 
tions, is eliminated. Clear demonstration of both coronary arteries was 
achieved in all the cases examined with this technique. 

The fillmg of the coronary arteries achieved after the injection of 
contrast medium through a catheter into the left ventricle was also 
studied in a few cases. This technique also gives a dense filling. but a 
disadvantage is that the contrast medium in the heart chambers partially 
conceals the coronary vessels. 

During the past few months we have examined several patients with 
coronary artery disease by the method of thoracic aortography (Figs 3 
an! 4). The patient; are examined in the supine position. In order to 
acieve a distinct demonstration of the most proximal parts of the coro- 
nary vessels. in the sites most commonly affected by the changes. an 
ob \que position with the left side slightly raised should be used. We 
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have raised the intrathoracic pressure by 20 to 30 mm Hg, in orde to 
reduce the minute volume of the heart during the injection of cont ast 
medium. We have found this simple method entirely satisfactory e ‘en 
in cases with pathologic changes in the walls of the coronary arte: es, 

Examinations carried out with thoracic aortography, with a s |e- 
hole catheter having as wide a lumen as possible, positioning of the 
catheter tip immediately above the opening of the coronary ves; els, 
rapid injection of the contrast medium, and a rapid succession of e» po- 
sures, should ensure that distinct views of the coronary arteries are ob- 
tained in all cases. In our opinion, therefore, more complicated and ha ar- 
dous modifications of the method, such as occlusion of the ascenc ing 
aorta by a balloon, or pharmacologically induced bradycardia, are uniec- 
essary. 


SUMMARY 


The authors have reviewed a series of thoracic aortographies from the past five 
years from the viewpoint of the roentgenographic demonstration of the coronary arteries. 
When the contrast medium was injected into the lower portion of the ascending aorta 
with their techniques, a good filling of both the coronary arteries, including their most 
minute branches, was obtained. 


ZUSAMMENFASSUNG 


Die Autoren haben eine Serie von thorakalen Aortographien der letzten 5 Jahre. im 
Hinblick auf die réntgenographische Darstellung der Coronararterien, durchgeselen. 
Wenn das Kontrastmittel in den distalen Teil der Aorta ascendens injiziert wurde, erhielt 
man eine gute Fiillung beider Coronararterien einschliesslich ihrer kleinsten Verzwei- 
gungen. 


RESUME 


Les auteurs ont revu une série d’aortographies thoraciques faites au cours des cing 
derniéres années pour étudier la mise en évidence radiographique des artéres coronaires. 
Quand le moyen de contraste est injecté dans la portion inférieure de l’aorte ascendante 
par leur technique, on obtient un bon remplissage des deux artéres coronaires avec |eurs 
branches les plus fines. 
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ORATOIRE DE RADIODIAGNOSTIC (DIRECTOR: G. RUGGIERO) DU CENTRE NEURO- 
RURGICAL (DIRECTOR: PROF. AGR. M. DAVID) DE L’HOPITAL STE ANNE, PARIS, 
FRANCE 


APPEARANCE OF THE VENTRICULAR SYSTEM 
24 HOURS AFTER ENCEPHALOGRAPHY 
A preliminary report 
by 


Giovanni Ruggiero and Francesco Smaltino 


The matter of repeating an examination, one day or more after 
encephalography, has been dealt with in a number of publications, but 
then mainly in relation to such problems as may be connected with the 
airfilling of the subdural space and in relation to ventricular volume 
changes. The value of such late examinations, in the diagnosis of 
intracranial lesions. has to our knowledge not been dealt with in the 
literature. 

{ncephalography is used in our department, even in cases of brain 
tumour, for the routine pneumographic examination. According to our 
experience, there are, in addition to cases of recurrency and multiple 
tumours, three types of lesions which may be difficult to demonstrate 
at encephalography viz.: cases of infiltrating but only slightly expansive 
lesions, as, for example, certain cases of astrocytoma, cases of supra- 
tentorial tumour, when a satisfactory air-filling of the ventricular system 
could not be achieved, and cases of slight asymmetry. As to the last 
mentioned group it may sometimes be difficult to determine whether 
tere is a tumour at one side or atrophy at the other. Generally, but by 
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Fig. 1. Case 1. 


a) Encephalography. Temporal horns appear 
slightly asymmetrical and possibly displaced 
downwards and medially. 


b) and c) Examination after 24 hours. Con- 
siderable asymmetry, left horn much dilated 
but not displaced or deformed. 


no means always, this problem can be solved with the help of the clinical 
symptoms and signs. 

The reactions of the patient after an encephalographic examination 
vary. Even if an aggravation of the symptoms of hypertension. mostly 
moderate and nearly always transient, in most cases suggests that an 
oedema has arisen, or that an oedema already present has increased after 
the examination, there are also cases in which the patient sustains the 
examination so well that one is led to believe that the opposite effect 
has been produced. We thought it would be of interest, therefore. to 
undertake a new examination one day, or more after the encephalograpliy. 
in order to investigate the possible practical value of changes observed 
in the ventricular system or in the mode of resorption of the air. Such 
an investigation is in progress, but as certain observations already male 
seem to indicate that this procedure may be of value in some cass, 
we feel justified in publishing a preliminary report. 

The air is more rapidly resorbed in the subarachnoid space than in 
the ventricular system. Upon the day following an encephalograpy 
there is generally practically no air in the subarachnoid space but s ill 
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A PEARANCE OF THE VENTRICULAR SYSTEM 24 HOURS AFTER ENCEPHALOGRAPHY 28] 


Fig. 2. Case 2. Upper left view: Encephalography. Supratentorial part of ventricular system not filled, 

slight displacement to the left of anterior part of interhemispheric fissure, intercrural cistern not seen. 

The other films are from the examination performed after 24 hours. Some contrast medium in the 

lateral ventricles. Anterior horns and ventricular bodies pushed apart by a large tumour, infiltrating 

from the right side over the median line; the infiltration of the medial wall of the left ventricle and the 

displacement of the right ventricle are best seen in the antero-posterior semi-axial projection (lower 
right view). 


enough in the ventricular system to permit of its study. Hence. we, have 
here the most favourable conditions for a repeat examination of the 
appearances of such structures as may have been difficult to observe, 
due to a superposition. during the first examination. of the air in the 
subarachnoid space and in the ventricles. It can be said, therefore, that 
‘ventriculography without ventricular puncture’ may be performed upon 
the day following an encephalographic examination. The third ventricle 
provides a characteristic example, since its antero-inferior aspect is often 
difficult to render visible due to superposition of the air present in the 
sylvian fissure. 

In cases of late epilepsy it not infrequently happens. particularly 
when temporal, that 1t is impossible, on the basis of the clinical and 
e ectro-encephalographic findings, to exclude the possibility of a tumour. 
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In two such cases, we were still doubtful also after the encephalograp!| 
and we believe that it was only the examination repeated after 24 ho 
that enabled us definitely to solve the problem. One of these two ca 
is briefly reported upon below. 


Case 1. Male aged 44. Generalized epileptic fits for two months. Repeated cont 
suggested a progressive temporal process. 

Encephalography: slight displacement to the right of the septum pellucidum 
asymmetry of the temporal horns (Fig. 1 a), the left one scarcely appearing wider t 
the right, possibly slightly displaced downwards and medially. The examination 
hours later showed considerable asymmetry: both temporal horns were dilated but 
left one much more so (Fig. 1, b and c). It further became evident that the left temp: 
horn was neither displaced nor deformed. As these findings pointed towards an atroj 
encephalography was repeated two months later, with the same results: at the { 
examination, the appearance of the left temporal horn was dubious and the asymm« 
negligible; on the following day, the left temporal horn was found to be considera ly 
dilated. 

Arteriography was thereafter performed, disclosing spastic contraction of the car 
siphon, which disappeared after the injection of papaverine. Our conclusion was: atroyliy 
caused by repeatedly occurring arterial spasm. The patient was subjected to adequ 
anti-epileptic and anti-spasmodic treatment. He is now in very good condition and 
has resumed his work, 


An increase in ventricular asymmetry, which facilitates the inter- 
pretation of encephalographic findings, occurred also in our cases of 
cerebral tumour but we would hesitate to say that the diagnosis could 


not have been made without the examination 24 hours later. We have 
observed another case, on the other hand, in which the diagnosis would 
have been erroneous had not a late examination been carried out. 


Case 2. Male, aged 50, with a syndrome of intracranial hypertension of a monthi’s 
duration. The neurologic examination showed disturbances of gait and balance, and 
brisk reflexes. EEG: right rolando-parietal parasagittal focus of slow waves, extending 
towards the anterior temporal region. 

Encephalography: Only a very small amount of air passed into the supratentorial 
part of the ventricular system, but a lesion of the right hemisphere, with temporal her- 
niation (Fig. 2, upper left view) was indicated by the appearances of the cisterns. The 
interhemispheric fissure was slightly displaced to the left, the subarachnoid space filled 
almost exclusively on the left side, the intercrural cistern was not seen, and the right 
superior part of the cisterna venae magnae Galeni was displaced downwards. As the diag- 
nosis was consistent with the clinical findings, an operation could have been indicated, 
but we suggested that an examination be carried out also after 24 hours. This disclosed 
that more air had reached the lateral ventricles (Fig. 2), which was sufficient for estub- 
lishing the diagnosis of a deeply infiltrating lesion, extending over the posterior part 
of the corpus callosum to the opposite side. The diagnosis was confirmed by bilateral 
angiography and at operation. 
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SUMMARY 


After an encephalography the air in the subarachnoid space is usually almost com- 
‘tely resorbed after 24 hours. Sufficient amount of air is, however, still present in the 
ntricular system to permit of its examination (‘ventriculography without ventricular 
incture’), and then without the confusing superposition of air in the subarachnoid 
ace. Two cases are reported upon, in which the examination repeated after 24 hours 
is particularly helpful. 


ZUSAMMENFASSUNG 


Vierundzwanzig Stunden nach einer Encephalographie pflegt dir Luft im Sub- 
rachnoidalraum fast zum Ganzen resorbiert zu sein. Eine geniigende Luftmenge befindet 
ch jedoch noch im Ventrikelsystem um dessen Untersuchung zu gestatten und zwar 
hne stérende Darstellung von Luft im Subarachnoidalraum (Ventrikulographie ohne 
‘entrikelpunktion). Es wird iiber zwei Fille berichtet bei denen die Untersuchung 24 
Stunden nach Encephalographie besonders wertvoll war. 


RESUME 


Dans le cas de l’encéphalographie fractionnée, l’air dans |’espace sous-arachnoidien 
est généralement presque conplétement résorbé apres 24 heures, tandis ce qu’il en reste 
encore assez dans le systéme ventriculaire pour permettre qu’il soit réétudié, et alors 
ans superpositions d’air, en réalisant en quelque sorte une ‘ventriculographie sans 
ponction ventriculaire’. Deux observations, ot le controle aprés 24 heures se révéla 
particuli¢érement utile pour le diagnostic, sont analysées trés briévement. 
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FROM THE DEPARTMENT OF RADIOLOGY (DIRECTOR: WILLIAM H. SHEHADI), NEW 
YORK POLYCLINIC MEDICAL SCHOOL AND HOSPITAL. NEW YORK, N. Y., U. S. . 


EXPERIENCES WITH DUOGRAFIN 
by 


William H. Shehadi 


Duografin is a combination of Renografin, already in use in uro- 


graphy, and Cholografin-methylglucamine (Biligrafin-Forte), already 
in use in cholegraphy. Originally dispensed in 40 ml ampules, with a 
test ampule containing one millilitre, it is now dispensed in 50 ml rubber- 
capped vials, which is the recommended dose. 

Intravenously injected, Renografin is excreted through the urinary 
tract, while Cholografin (Biligrafin) and Cholografin-methylglucamine 
(Biligrafin-Forte) are excreted through the liver, and, frequently, in up 
to 50 °% of cases investigated, also through the kidneys in an amount 
sufficient to permit of urography and obtaining films of adequate diag- 
nostic quality. The Cholografin component of Duografin accentuates 
the role of Renografin in urinary tract examinations by appreciably 
prolonging the period of contrast-filling. 

When first investigated, this product was known as SH 332 and con- 
sisted of a 20 °% solution of Cholografin-methylglucamine and a 40°, 
solution of Renografin 76 °%. The results were greatly improved by 
altering these proportions and using a combination of equal strengtl. 
However, reversing the proportions, namely using a 40 % Cholografin- 
methylglucamine and a 20 °%% Renografin solution gave the best result». 

Presented at the 9th International Congress of Radiology, Miinchen, July 195°. 
Submitted for publication 24 August 1959. 
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EXPERIENCES WITH DUOGRAFIN 


a b 


15 min, and b) 60 min after injection of 50 ml of Duografin. Contrast-filling of both 
renal pelves, of a ‘horse-shoe’ kidney, normal gallbladder and ducts. 


‘his is the recommended combination. upon which is based most of the 
material underlying this report. 

The intravenous injection of Duografin results in a simultaneous, 
consistent and adequate demonstration of the biliary and urinary tracts 
during a single examination, and a complete radiologic exploration of 
the two systems can thus be obtained at one time. The technical work 
involved and the time required, and to a certain extent also the amount 
of radiation to the patient, will consequently be reduced. 


Preparation of the patient. This is essentially the same as for urography 
and cholegraphy, and consists of catharsis and dehydration. If the gall- 
bladder is present, a meal containing simple fats should be given the 
night before, in order to ensure adequate gallbladder drainage and a 
better contrast-filling. In a case of emergency, however, and when a 
differential diagnosis is needed immediately, the patient may be examined 
without delay and without any preliminary preparation. 


Technique. By proper timing it is very easy to combine the techniques, 
used as a routine, for the examination of each of the systems involved. 
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Fig. 2. a) and b) 15 min after injection of 50 ml 

Duografin. Stasis in right ureter with calculus in 

lower right ureter, best seen in oblique projection 

c) 40 min after injection. Multiple cholesterol calculi 
in the gallbladder, also seen in (a). 


SHEHADI 


| 
& 
| 
| 
a 
fi 
4 
| 
4 
“A 
( 


EXPERIENCES WITH DUOGRAFIN 287 


T e urinary tract is first examined, with the patient as usual in the supine 
p sition. Thereafter, the bile ducts are examined, with patient remaining 
11 supine position, but if necessary with his left side elevated 15 de- 
s es, or more, to prevent overlap of the biliary tract with the right renal 
p vis and ureter, and the spine. When the gallbladder is filled with 
« itrast medium, the patient is turned to the prone position, and the 
e vmination is concluded in the usual manner. 

The incidence of side reactions is not significant and is decidedly 
| s than the combined total for both Renografin and Cholografin- 
1 ‘thylglucamine. The contra-indications are the same as for urography 
ad cholegraphy, namely: impaired renal and hepatic functions and 
|, story of untoward reaction to previous intravenously injected contrast 
n edia. 

The essential advantages are that two important systems can be 
e.amined at one procedure, and only one preparation of the patient and 
ove visit to the department will be necessary. The value of this procedure, 
for patients who are quite sick, as well as for outpatients who live at a 
great distance, is evident. It is also clearly an advantage for a busy 
department that much time and effort can be saved by having the pa- 
tient in for only one visit instead of two. 

The chief disadvantage is that the examination is liable to be time- 
consuming, although less time is required than for two separately con- 
ducted urmary and biliary tract examinations. 

If the procedure is to become a routine in a department of radiology, 
full provision should be made for ample space, technical assistance and 
adequate radiological equipment, so that the examination can be carried 
out without interfering with the overall activities of the department. 


Three hundred patients have been examined with Duografin in our 
department during the past three years. They were referred to us for an 
examination of the urinary and/or biliary tract. or for a general check-up. 
The initial clinical impression, or diagnosis. was often confirmed, but 
more important was that findings could be demonstrated which had not 
been suspected on the basis of the clinical history or the physical examina- 
tion. A fuller explanation of the patient’s symptoms was thus obtained. 


SUMMARY 


An adequate and dependable roentgen examination of the biliary and urinary tracts 
car be achieved simultaneously, with safety for the patient, and with a great saving of 
tin e and effort for all parties involved in the radiologic department. 
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ZUSAMMENFASSUNG 
Kine adequate und zuverlissige Réntgenuntersuchung der Leber- und Harnwe ¢ 


kann gleichzeitig durchgefiihrt werden, ohne Risiko fiir den Patienten und mit gross: » 
Zeit- und Arbeitsgewinn aller im Réntgeninstitut beschiftigten Personen. 


RESUME 


Il est possible de faire simultanément un bon examen radiologique des voies biliai es 
et des voies urinaires, sans faire courir de risque au malade et en épargnant du ten. ps 
et du travail 4 tout le personnel du service de radiologie. 
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by 
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High energy heavy particles may be used to produce localized lesions 
in the central nervous system. In a preliminary communication Larsson, 
LeksELL, RExED, SouRANDER, Marr and ANDERSSON (1958) briefly de- 
scribed several types of such lesions following within 2 months after irradia- 
tion by a 185 MeV proton beam. Larsson, LEKSELL, REXED and Sov- 
RANDER (1959) described in detail the effect of highenergy protons on the 
spinal cord of rabbits and referred to earlier relevant investigations. 

The present report deals with the effect of high-energy protons on the 
brain of rabbits. One of the reasons for this investigation was the possible 
application of high energy heavy particles to stereotaxic radiosurgery in 
man; information regarding their effect on the central nervous system 
was therefore considered essential. Irradiated brains were 


examined 
iistopathologically up to about one year after irradiation. 
histopathologicalh to about year after irradiati 


Material and methods 


The radiation technique was as described in the previous report by 
Lorsson et coll. (1959) the irradiation being performed with a 185 MeV 
proton beam from the 230 cm synchrocyclotron at the Gustaf Werner 

Submitted for publication 22 June 1959. 
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Fig. 1. The skull was fixed to the frame by supports applied 
to the zygomatic arches and the upper incisors. 


Institute. A dose of 20000 rad and a beam, 1.5 mm broad, were used 
(Larsson et coll. 1959). The results on twenty irradiated rabbits weighing 
2 to 3 kg are recorded. Each animal was laid on its back on a canvas 
stretcher, the skull being fixed to a frame so as to eliminate movement 
(Fig. 1). The proton beam was directed across the upper anterior part of 


the brain, under deep intravenous nembutal anaesthesia. The position of 
the animal was checked roentgenographically before and after irradiation 
to determine whether any movement had occurred during the procedure; 
the animals were observed on a television screen during the irradiation. 

The animals were allowed to live from 2 to 56 weeks after irradiation 
and were examined at least twice a week. No functional disability occurred 
which could be ascribed to the lesions. A zone of epilation corresponding 
to the path of the beam appeared across the scalp, the subcutaneous 
tissue of this region being fibrosed; ulceration of the skin was never 
observed. No animal had to be excluded from the series by reason of 
any intercurrent illness interfering with the interpretation of the irradia- 
tion effect. 

The animals were killed by exsanguination under chloroform anavs- 
thesia. The brain was removed and fixed in 5 % neutral formol saline. 
It was then cut sagittally, the slices being embedded in celloidin, section ed 
at 12 to 15 mw, and stained by thionin, Loyez’s method, van Gieso.’s 
haematoxylin, Ranke’s Victoria blue, and phosphotungstic acid haena- 
toxylin. Some of the sections were stained by Turnbull’s blue or pruss an 
blue to demonstrate iron. and others were impregnated by silver accord ag 
to Palmgren or Gros to show the axons. 
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Fig. 3 


Fig. 2. A groove on the surface of the brain has appeared 
in the path of the beam. 


Fig. 3. Two weeks after irradiation. Loss of nerve cells 

and demyelination of white matter confined to the path 

of the beam. Small haemorrhages are evident, particularly 
in the cortex. x 8 Azan. 


Experimental results 


Two weeks after irradition (1 rabbit). A red groove 2 mm wide was present in the 
path of the beam across the vertex and half way down the convex surfaces of the anterior 
part of the brain (Fig. 2). The changes were confined to this region and sharply demarcated. 
The leptomeninges were congested but the vessels were not thrombosed. The cortex was 
narrow and there was loss of nerve cells. The myelin showed marked pallor of staining. 
The vessels in the areas involved were prominent, particularly in the grey matter, and 
around them small haemorrhages (Fig. 3), collections of macrophages, and fluid exudate 
were present. Proliferation of astrocytes occurred in the irradiated zone. The caudate 
nucleus showed changes similar to those in the cortex. No damage was evident in the 
choroid plexus or ependyma. 

Four and 5 weeks after irradiation (2 rabbits). A deep red groove was evident in the 
path of the beam on the surface of the brain similar to that seen 2 weeks after irradiation. 
Sagittal sections showed a thin red band in the cortex and white matter; small haemor- 
rhages were present in the grey matter and to a lesser degree in the white. 

The leptomeninges in the path of the beam were congested and oedematous. The 
cortex was somewhat retracted in the irradiated region; the nerve cells were destroyed 
and the white matter oedematous and partly demyelinated. The axons were greatly 
reduced in number and those remaining showed varicosities and fragmentation. Numerous 
thick-walled vessels distended with red blood corpuscles lay in the path of the beam, and 
around these collections of large round cells and a considerable amount of fluid were 
noted (Fig. 4). Small perivascular haemorrhages were evident, particularly in the cortex. 
A ‘ew phagocytes containing haemosiderin were present in the lesion and a few small 
round cells were seen around some of the vessels. Glial proliferation was noted in the dam- 
age | region and was of a greater degree than at 2 weeks after irradiation; astrocytes 
wit \ nuclei three or four times the normal size and occasional cells with a large eccentric 
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Fig. 4. Four weeks after irradiation. Extravasated Fig. 5. Thirteen weeks after irradiation. Discrete 


fluid, and numerous macrophages around the lesion in the path of the beam. The cortical 
vessels in the lesion. Proliferation of astrocytes laminae areinterrupted and the myelin destroyed. 
evident. x 270 H. van G. The irradiated region shows increased vascu- 

larity. x 30 Loyez. 


nucleus and a large amount of glassy cytoplasm were seen in the lesion. The ependyma 
and choroid plexus were apparently unaffected by the beam. 

Ten weeks after irradiation (1 rabbit). A groove was present in the path of the be: 
over the antero-superior aspect of the brain and was greenish in colour. A narrow discre 
cleft with complete loss of nerve cells, axons, and myelin sheaths involved the irradiat 
cortex and white matter although the ependyma was undamaged; the cleft contai: 
macrophages. The margins of the cavity showed proliferation of astrocytes, som: 
these possessing huge nuclei. The caudate nucleus showed the same changes as the cortex 
There were no vessels of remarkable size and no evidence of haemorrhages. The cho: 
plexus and ependyma were unaffected. 

Thirteen weeks after irradiation (3 rabbits). All presented a groove, which was 
discoloured, on the antero-superior part of the brain. Sagittal sections of the brain den 
strated a linear lesion in the path of the beam involving the cortex, white matter, 
caudate nucleus (Fig. 5). There was loss of nerve cells and proliferation of astroc\ 
numerous giant cells were present in the irradiated zone and intranuclear inclu 
were present in some of the giant cells. The white matter was demyelinated and n 
of the axons destroyed. Numerous thick-walled capillaries occurred in the damaged 
and white matter. 

Sixteen weeks after irradiation (1 rabbit). A definite lesion was seen in the co: 
white matter, and caudate nucleus. Destruction of nerve cells, myelin sheaths and a 
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‘ig. 6. Sixteen weeks after irradiation. The dam- Fig. 7. Sixteen weeks after irradiation. 

aved region shows loss of substance and the forma- Destruction of myelin and numerous giant 

n of small cavities in the deeper parts of the cells and macrophages in the white matter. 

cortex and white matter. Ependyma undamaged. Small as well as large cavities containing 

The lesion is slightly broader than the beam. * 15 fluid and macrophages present. xX 140 
H. van G. H. van G. 


was evident and small cavities had formed in the deeper parts of the cortex and the 
white matter. The cavities did not erupt through the ependyma (Fig. 6). There were 
numerous astrocytes, giant cells, and collections of macrophages, as well as cavities, in 
the damaged regions (Fig. 7); only a few lymphocytes were noted. In addition many 
vessels with a thick collagenous wall were evident amongst these astrocytes and giant 
cells. Many giant cells present in the cortex had a large amount of glassy cytoplasm and 
an eccentric nucleus with a central nucleolus. Collections of compound granule cells and 
fluid were present in the cavities throughout the irradiated region; haemosiderin was 
found in parts of the damaged tissue. The lesion was slightly broader than the beam. 

Twenty-two weeks after irradiation (1 rabbit), A shallow groove, which was not dis- 
coloured, was present on the antero-superior surface of the brain and a narrow linear 
lesion involved the cortex, white matter and caudate nucleus underlying it. Within the 
lesion there was loss of nerve cells and damage of the myelin sheaths and axons with 
marked proliferation of astrocytes. Giant cells were frequent in the irradiated region. 
There were no unusual vessels in this case. 

Twenty-three weeks after irradiation (3 rabbits). Each brain presented a groove, 2 mm 
broad, which lay along the path of the beam across the antero-superior surface of the 
brain. In one case the groove was green in colour. A brownish-coloured linear lesion 
involving the cortex, white matter, and caudate nucleus lay below the groove in all the 
cases. In one hemisphere of two of the rabbits a cavity, a little wider in diameter than 
the breadth of the beam and situated mainly in the white matter but also involving 
the deepest layers of the cortex, was present. There was loss of nerve cells and destruction 
of myelin sheaths and axons within the damaged regions. Numerous astrocytes and giant 
ce'ls replaced the nerve cells and nerve fibres (Fig. 8). Some giant cells had a single large 
nvleus with a prominent intranuclear inclusion body, while others were multinucleated. 
Otter giant cells resembled nerve cells in that they had a large nucleus with a distinct 


rete 
cal 
ed, 
ma 
am 
ite 
ed 
ed 
of 
x. 
vid 
ot 
m- 
nd 
ms 
ny 
eV 
ns 


B. REXED, W. MAIR, P. SOURANDER, B. LARSSON AND L. LEKSELL 


Fig. 8. A few giant cells of various types appeared in the lesion at 4 weeks after irradiation and were 
more frequent at 10 weeks. « 530 thionin. 


nuclear membrane and a central nucleolus; they had a large amount of glassy cytoplasm 
but did not contain Nissl substance. The cavities in the brains contained macrophages 
and fluid. In addition to the larger cavities small spaces were present in the lesion and 
these were filled with macrophages. Numerous dilated capillaries were noted around a 
cavity in one of the brains; they were lined by a single layer of flattened endothelial 
cells and were filled with red blood corpuscles. 

Twenty-six and 29 weeks after irradiation (2 rabbits). A greenish groove correspond ing 
to the irradiated region lay across the antero-superior surface of the brain and be!ow 
this was a dark coloured lesion involving the cortex, white matter, and the caudate 
nucleus; a small cavity was present in the lesion in one hemisphere of both animals «nd 
involved mainly the white matter, only the deepest part of the cortex being affected. 
The loss of nerve cells and destruction of myelin in the irradiated region, as well as 
large number of astrocytes and giant cells similar to those seen 23 weeks following 
radiation, were striking features. The lesions in addition showed a teleangiectatic 
pearance, numerous large capillaries lined by flattened endothelial cells and disten 
with blood being present (Fig. 9); some capillaries were thrombosed. Small haemorrh: 
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Fig. 9. Twenty-three weeks after irradiation. Capillaries of wide calibre lined 
with flattened endothelium and surrounded by macrophages containing hae- 
mosiderin now appear in the lesion. « 170 H. van G. 


had taken place around some of the vessels and in these regions numerous phagocytes 
containing haemosiderin were observed. Numerous small spaces containing fluid and 


macrophages were evident in the damaged white matter. The caudate nucleus showed 
changes similar to those in the cortex. 

The lesion was sharply demarcated; in the white matter it was, however, slightly 
broader than the beam. The ependyma and choroid plexus were unaffected. 

Thirty-six and 37 weeks after irradiation (2 rabbits). A greenish-coloured groove was 
present on the antero-superior surface of the brain. Cavities containing clear fluid and 
macrophages were found in both hemispheres. The cortex and white matter in the path of 
the beam showed teleangiectasis; there were numerous capillaries of large calibre distended 
with red blood corpuscles and lined by flattened endothelial cells. Occasional small haemor- 
rhages were noted and haemosiderin was present in the phagocytes around them. Numer- 
ous giant cells with one or more nuclei, which sometimes contained inclusions, were found 
in the damaged grey and white matter. No mitotic figures were seen amongst these 
cells, 

Fifty-four and 56 weeks ajter irradiation (4 rabbits). A dark groove was present across 
the antero-superior surfaces of the hemispheres as well as across their medial aspects; 
a linear brownish lesion ran through the cortex, white matter, and caudate nucleus but 
10 cavities seen on naked eye examination. The large number of large calibred blood 
‘hannels in the lesion were a striking feature (Fig. 9), and gave it a teleangiectatic ap- 

arance. Haemorrhages and phagocytes containing haemosiderin were evident around 
me of the vessels. Very small spaces containing fluid and macrophages were also present 
the lesion. Numerous giant cells were observed throughout the irradiated zone, which 
is well defined. The lesions were somewhat broader than the beam and were more 
irked in the white matter. 
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Discussion 


The proton beam as an agent for the production of lesions in t 
central nervous system has the advantage that the particles of the be: 
proceed along practically straight tracks and undergo very little scatt 
ing. The ionizing effect is thereby restricted and it should be theoretica 
possible therefore to produce a sharply defined lesion. 

In the experiments described, a dose of 20 000 rad with a beam wi 
of 1.5 mm produced in fact a sharply demarcated lesion (Fig. 5). A feati re 
of the lesion was a groove, which was red or green (Fig. 2) on the ante) 
superior surface of the brain, and in some instances on the medial surfa: 
of the hemispheres as well. The redness was due to the presence of conge.t- 
ed vessels and the green colour presumably to altered blood which had 
escaped from the vessels. No large haemorrhage was seen and the lep- 
tomeningeal vessels in the groove were not thrombosed. Sagittal sections 
of the brain showed a well demarcated lesion in the cortex, white matter. 
and caudate nucleus (frequently red or brown in appearance), which up 
to three months after irradiation was approximately restricted to the 
path of the beam but which was slightly broader than the beam after 
3 months. There was never any intense inflammatory reaction at any 
stage following irradiation. 

Two weeks after irradiation collections of fluid and small perivascular 
haemorrhages were observed in the irradiated zone (Fig. 3), where many 
thick-walled capillaries lined by large endothelial cells were present. The 
nerve cells, myelin sheaths, and axons in the path of the beam were 
mostly destroyed and proliferation of astrocytes to form glial fibres had 
appeared together with many macrophages in the damaged tissue and 
immediately around the vessels (Fig. 4). Few small round cells were seen. 
The relatively slow development of the tissue changes is a characteristic 
feature of cerebral damage initiated by the proton beam; though thie 
beam often passed through parts of the ependyma and the choroid 
plexus it is remarkable that these structures never presented any evidence 
of damage. 

Four weeks after irradiation, cells with large nuclei two or three times 
the normal size were seen among the proliferating astrocytes. Numerous 
giant cells had appeared within three months after irradiation (Fig. 8). 
Some of these were bi- or multinucleated but many had a huge nucleus of 
bizarre shape; the nuclei frequently contained an inclusion body. These 
cells presumably developed from irradiated astrocytes. Other giant cells 
resembled nerve cells in that they had a large nucleus with a distin:t 
nuclear membrane and a central nucleolus; the nucleus was often ecce\- 
tric and there was a large amount of glassy cytoplasm. The cells did n:t 
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« atain any Nissl substance. The various types of giant cells were mostly 
f. ind at the margins of the lesion; they were not unlike the cells found 
i) gliomata but in the irradiated brains these cells were always confined 
the margins of the lesion and were never found to have spread to 
ier parts of the brain. The number of giant cells was no greater at one 
ar than at 23 weeks after irradiation. Exceptionally large astrocytes 
re described in rabbits following roentgen irradiation of the brain 

RUSSELL, WILSON and TANSLEY (1949) and atypical ‘macroglia’. such 
occurs In gliomata, have been observed in primates by ARNOLD and 
\ILEY (1954) and in rabbits by Bere and LinpGREN (1958). 

Of special interest as regards the nature of these giant cells are the 
periments on the action of roentgen radiation on single mammalian 
lls in vitro, viz. freshly isolated epitheloid and fibroblastic cells from 
rmal human tissues. These experiments demonstrated that giant cells 
ay be formed as a result of the mactivation of the reproductive capacity 
the cells by irradiation. Such giant cells never reproduced or formed 

nitotic figures even after 3 weeks of cultivation in media of optimum 
nutritional composition (PucK and Marcus 1956 and Puck, MorKkovin, 
Marcus, and Crecrura 1957). In the proton lesions, evidence that the 
giant cells proliferate and invade the neighbouring tissues was not ob- 
served and the experiments cited suggest that the abnormal glial cells 
which appear following irradiation are incapable of reproduc tion. 

Cavities of varying size and shape were seen on naked eye inspection 
in 9 of the rabbits. T Shey involved mainly the white matter but in some 
cases the cortex was also affected. The cavities were sometimes of greater 
diameter than the width of the beam; cavitation was first observed 10 
weeks after irradiation. The presence of a cavity was not entirely depen- 
dent on the time following irradiation for in some animals, surviving up 
to a year, no evidence of a cavity was found. The formation of these 
cavities is doubtless the result of the breaking down of tissue. Micro- 
scopic spaces containing collections of mac rophages were often present in 
the lesions and it is probably due to the coalescence of these smaller 
spaces that a cavity is eventually formed. These cavities merely indicate 
the dissolution of damaged tissue and are similar to those arising from 
any necrotic lesion however caused. The cavities were not encapsulated 
but were lined by glial cells and giant cells and contained clear fluid 
and macrophages. 

Teleangiectasis of the irradiated zone (Fig. 9) was a striking feature 

d was first observed in one of the rabbits 23 weeks after irradiation 

but was present in all animals surviving for more than 23 weeks. The 
cortex and white matter exhibited numerous blood-filled, thin-walled 
ca illaries of wide calibre which were lined by a single layer of flattened 

lothelial cells. Occasionally some of these capillaries were thrombosed 
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and sometimes smal] haemorrhages and collections of haemosideri - 
filled phagocytes were found around them. A large haemorrhage w 
never encountered. Teleangiectasis is an unusual and unexpected featu e¢ 
in the evolution of the lesion. While proliferation of capillaries is a comm: 1 
occurrence in the early stages of repair of damaged cerebral tissue t ¢ 
later stages are generally characterised by a somewhat avascular g] 1] 
scar. Following this type of irradiation, however, proliferation of thic ;- 
walled capillaries occurs in the early stages and in the late stages mx re 
capillaries appear although they are then thin-walled and wide in dia 1- 
eter. It might be supposed therefore that these vessels would pred s- 
pose to haemorrhage but in fact a large haemorrhage was never se ‘n 
either in the late or early stages after irradiation. The line of demarcation 
between the damaged and the undamaged tissue was always shar ly 
defined. Teleangiectasis was noted by Berc and LinpGREN (1958) in the 
rabbit’s brain after roentgen irradiation. 

A thin zone of the cortex immediately underlying the pia maier 
suffered less damage than the rest of the irradiated cortex. 

Some of the features of the changes produced by the proton beam 
suggest that the lesion does not reach its final stage even one year after 
irradiation. Even though no untoward events have so far been observed, 
the simple possibility of further evolution of the lesion demands that the 
later stages must be studied. To this end suitable cerebral lesions are 
being made with the proton beam in a manner which will permit their 
study several years after irradiation. 
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SUMMARY 


Experiments were carried out to determine the effect of irradiation by a 185 MeV 
proton beam on the central nervous system, the upper anterior part of the brain of rab| its 
being irradiated with a beam width of 1.5 mm and a dose of 20 000 rad. A well defined 
lesion occurred and was confined to the path of the beam up to 3 months and slig} tly 
wider than the beam at subsequent periods after irradiation. The histologic chan zes 
following irradiation at intervals from 2 to 56 weeks are recorded. 
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ZUSAMMENFASSUNG 


Untersuchungen wurden durchgefiihrt um die Strahlenwirkung eines 185 MeW 
| otonstrahles auf das Zentralnervensystem zu bestimmen. Der obere vordere Teil des 
( hirnes von Kaninchen wurde in einem Strahlenbereich von 1.5 mm Breite und 20 000 
r | bestrahlt. Eine deutliche Lasion entstand und war in den ersten 3 Monaten auf 
© no Strahlenbereich begrenzt; bei weiterer Bestrahlung wurde die Lision etwas aus- 

lehnt. Die histologischen Veriainderungen, die der Bestrahlung in Intervallen von 2 
56 Wochen folgten, werden beschrieben. 


RESUME 


Les auteurs ont étudié expérimentalement l’effet de lirradiation par un faisceau 
} otonique de 185 MeV sur le systéme nerveux central en irradiant la partie antéro- 
sipérieure du cerveau de lapins au moyen d’un faisceau de 1.5 mm de largeur et d’une 
dose de 20000 rad. Il en est résulté une lésion bien circonscrite, limitée au trajet du 
fxisceau dans les trois mois suivant l’irradiation et un peu plus large que le faisceau a 
des dates ultérieures. Les modifications histologiques dues 4 Virradiation ont été étudiées 
i des intervalles allant de 2 4 56 semaines. 
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FROM ROSWELL PARK MEMORIAL INSTITUTE, BUFFALO, 


ALTERATION IN GLUCOSE TOLERANCE 
PRODUCED BY IRRADIATION OF THE PELVIS 


by 


Lilia Lopez Borja, John B. Graham and J. E. Dowd 


The manner in which radiotherapy helps people with cancer is un- 
known. Equally obscure are other physiologic effects, such as the changes 
exerted on carbohydrate metabolism. The observations reported here 
were made on cancer patients receiving pelvic radiation. Their tolerance 
to oral glucose was increased and to intravenous glucose was diminished. 

We have studied a group of patients with primary cancer of the uterine 
cervix who received standard radiotherapy. The treatment of cancer of 
the cervix in this institution consists of a course of roentgen therapy fo!- 
lowed by a small dose of radium. The roentgen rays are generated at 400 
kV with a half value layer of 5 mm of copper. The tube-skin distance is 
70 cm, 15 to 17 r/min is delivered to the skin. Four or six converging portals 
10 x 15 cm anterior and posterior and 8 x 15 cm lateral are used. The 
maximum daily depth dose does not exceed 240 r. All ports are expose 
each day, five days a week to a total dose of about 5 700 r in the region 
the cervix in five weeks. Within a day or so of completion of the roentg 
therapy, radium is applied in a tandem and fixed cross bar at the cer\ 
for a dose of 2000 to 3000 r at point A (75 mg radium, in five 151 
units, each with a 15 mm active length, arranged 3 in the tandem and : 
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INTRAVENOUS 


INSULIN 


HOURS 


Diagram giving the average values of oral and in- 
travenous glucose tolerance and insulin tolerance 
tests in seven patients prior to treatment and after 


about 5000 r depth dose to the entire pelvis. 


at right angles to the tandem but 
parallel to each other across the 
cervix. for 40 hours. filtration. 0.5 
mm Pt). Almost all of the patients 
develop diarrhea but the treatment 
is not interrupted for that symp- 
tom. 

Twenty-seven patients with 
primary cancer of the cervix (in- 
cluding 5 corpus et cervix) had an 
oral glucose tolerance test performed 
before treatment was begun and 
repeated near the end of treat- 
ment. After fasting 12 hours the 
patients were given 100 g of glucose 
dissolved in 300 ml of water fla- 
vored with 15 ml of lemon juice. 
Venous’ blood was withdrawn fast- 
ing and 1. and 2 hours. 
The glucose values were determined 
by the Folin—Wu technique. 

The fasting levels showed no 
significant difference. However. the 
subsequent levels were consistently 


lower after the patients were irradiated. Nineteen had curves that were 
definitely lower. In five, the curves were not very different. and in three 
they were higher. Two of the patients were tested when they had received 
only 2000 r and 1 000 r respectively. In both of these the oral glucose tol- 
erance curve was higher during irradiation than it was prior to exposure. 

In twelve of the patients the test was repeated 3 to 4 months later. 
Kight of ten. who had a reduction at the end of treatment. showed a tend- 
ency to return toward the pre-treatment level. In only one was the pre- 
treatment curve exceeded and she was a patient who had persistent cancer 


with progression at that time. 


Statistical analysis of the data is summarized in the Table below. The 
blood sugar levels during radiotherapy were significantly lower (P <0.001) 
in all parts of the test except for fasting level. 

The last seven patients of the series were studied with oral glucose 
tolerance, intravenous glucose tolerance and insulin tolerance tests before 
and at the end of radiotherapy. The intravenous test consisted of giving 
5 ml of a 50 per cent solution intravenously. Blood samples were taken 
| ior to injection and at 30 min intervals for two hours. The insulin test 
ved 0.1 unit of regular insulin per kilo of body weight given intravenously. 
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Table 


Statistical analysis of the blood sugar levels found near the end of roentgen 
therapy compared with the pre-treatment levels 


Time in hours 


1.0 


Oral (27 patients) : 


Mean difference = , — 27. _ — 39.08 

Standard error of mean 
difference 3.15- 9.73 

Probability that ob- 
served difference is 
not less than zero ... | .3! AL : P<.001 


Intravenous (7 patients) : 
Mean difference : + 30.14 
Standard error of mean 

difference 16.04 
Probability that ob- 
served difference is 
not greater than zero | .05 a 01<P- 05<P<.10 


Oral difference-vs-Intra- 

venous difference: 
Difference 2.32 51.88 56.34 
Standard error of mean 
difference 3.67 13.62 13.62 
Probability that ob- 
served difference is 
not less than zero ... | 30<P<.i <P<.001 <P<.001 


Insulin (7 patients) : 
Mean difference ; AE + 9.00 + 2.67 48 + 16.16 
Standard error of mean 

difference + 8.71 3. 2.7 6.97 
Probability that ob- 
served difference is 
not different from zero | .02< P- 30<P<.50 < > 05<P<.10 


Blood samples were taken in a similar pattern. As in the larger series thie 
oral levels were lower after radiation than before. It is of interest that the 
intravenous tolerance was altered in the opposite direction, i. e. all but 
one showed a higher level at the end of treatment than at the beginning 
and by about the same amount, 11 per cent. The same patients also showed 
a slightly higher insulin tolerance curve after radiotherapy. However. 
insulin tolerance differences were much less than the differences in glucose 
tolerance. 

The statistical evaluation showed that the increase of the intraveno:'s 
glucose levels near the end of roentgen therapy were significantly high r 
in the two hour values and somewhat less decisively different at oth 1 
times. Comparison of the reduction in the oral tolerance curve with t e 
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e vation of the intravenous tolerance curve near the end of treatment 
ws a consistently significant difference (P < 0.001) in all except the 
ting values. 


Discussion 


Diabetics are apparently no more likely to develop cancer than others 

However, patients with cancer do have impairment of their carbo- 
drate metabolism more frequently than expected. GLICKSMAN and 
\wson found that 37 per cent of their 628 cancer patients had diabetes 
compared with only 9 per cent of 322 patients with no cancer. Their 
finition of diabetes was based on the presence of all three of the following 
dings on oral glucose tolerance test: (1) The blood sugar level rose to 
wre than 200 mg per cent at any time; (2) the level was more than 100 mg 
r cent at 2 hours; (3) it did not return to the fasting level in 3 hours. 
iey found these evidences of diabetes in 8 of 50 patients with cancer of 

Cervix. 

A survey of the literature shows that rather little is known of the 

elfect of pelvic irradiation on carbohydrate metabolism in patients. In 

iin, irradiation of the abdomen or total body results in delayed gastric 
emptying, impaired motility and diminished absorption (1, 2. 3, 5). There 
is probably no correlation between delayed gastric emptying and the flat 
glucose curves in man (7). 

There is little doubt that the oral glucose tolerance curves in this series 
were flattened during radiotherapy. It is equally clear that the curve was 
elevated on giving the glucose intravenously. None of the patients were 
starved, all were ambulatory and taking a satisfactory diet. They were not 
receiving medication. We observe no correlation between the stage of 
disease or the clinical response to therapy and the alteration in glucose 
tolerance. Glycosuria was observed in all patients during the intravenous 
test. Eighteen of the 27 showed glycosuria in the oral test either before 
or during radiotherapy. Six show ed it on both occasions, 6 showed it pre- 
treatment only, 4 showed it during treatment only and 2 showed none 
pre-treatment, but there was no urine report on the during-treatment 
test. We have postulated that the depressed oral curves are the function 
of impaired absorption. Examination of the stool for glucose was negative 
but bacterial action is likely to have used up any non-absorbed sugar. 

‘he failure in two cases to conform with flatter curves during radiotherapy 
uy be explained by the relatively modest dose of radiation (1000 r and 

00 r). They suggest that the characteristic pattern is a function of a 
arger dose or longer time or both. The higher blood levels after giving 

: glucose intravenously suggest that there is an impairment of utiliza- 

n “during radiotherapy. Although the insulin tolerance curve tends to 
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be slightly higher during radiotherapy than before, the difference is n t 
significant. We have been unable to find a single mechanism explanati: n 
to account for the lower oral, higher intravenous and unchanged insu] n 
curves near the end of heavy irradiation. Impairment of both absorpti: n 
and utilization seems probable. It is evident that further study is require |. 
Because of the altered metabolism we gave five patients 5 units of regul ir 
insulin, four patients 10 units of regular insulin and five patients 10 ml >f 
a 25 per cent glucose solution intravenously one half hour prior to irradi :- 
tion during their entire course of radiotherapy. So far as we could te |, 
there was no effect on the clinical course, symptoms or radiation respon se 
in any of the 14 patients. 


SUMMARY 


Cancer of the cervix patients receiving pelvic radiation exhibit an increased toleraice 
for glucose given orally and a diminished tolerance for giucose given intravenously. There 
is a return toward normal several months after the conclusion of radiotherapy. 


ZUSAMMENFASSUNG 


Patienten mit Cervixcancer, die eine Beckenbestrahlung erhalten, zeigen erhéhte Tole- 
ranz fiir oral verabreichte, dagegen eine herabgesetzte Toleranz fiir intravenés injizierte 
Glukose. Einige Monate nach Abschluss der Behandlung findet man die normalen Verhiilt- 
nisse wiederhergestellt. 


RESUME 


Des malades atteintes de cancer du col de lutérus, soumises 4 une irradiation pel- 
vienne, présentent une tolérance accrue pour le glucose donné par voie buccale et une 
tolérance diminuée pour le glucose administré par voie intraveineuse. Le retour vers 
la normale se produit plusieurs mois aprés la fin de la radiothérapie. 
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DISTRIBUTION OF 8% IN MICE AFTER 
INJECTION OF 8%-CYSTEAMINE 
An autoradiographic investigation 
by 


Arne Nelson and Sven Ullberg 


The protection afforded by a number of sulfhydryl compounds 


against the effects of ionizing radiation has been well established. The 
mechanism of their protective action has been subject to several studies 
and many discussions but one of the many factors that still needs in- 
vestigation is the distribution of protective substances in the organism. 

The question whether or not the protection of animals is due to 
selective concentration of the protective substances in radiosensitive 
tissues essential to survival was raised by the work of ForssBErG (1950). 
He showed that bacteria as well as skin and hair follicles could be pro- 
tected by the local action of cysteine. The distribution of reduced 
glutathione, which also has protective qualities, was studied by CRONKITE 
et coll. (1951). They found that this compound was concentrated to a 
considerable extent in the liver, spleen, and kidney but they did not 
succeed in obtaining satisfactory preparations of the bone marrow. 

S*-labelled compounds have also been used in studies of the distri- 
bution of protective substances. VERLY et coll. (1954) investigated the 
distribution of S* in mice at various intervals after the intraperitoneal 
injection of S*-cysteamine, by measuring the radioactivity of different 
organs. The highest concentration of S* was found in the liver, intestines, 
pancreas, and kidney. 
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ELDJARN and NyGAARD (1954) have studied the distribution of . 
sulfide and sulfhydryl groups as well as the total sulfur radioactivity 


rarious organs of the rat 30 minutes after the subcutaneous injection >f{ 


labelled cysteamine or cystamine. In tissues of, for example. the thyro: |. 
kidneys, adrenals, spleen, and bone marrow, the concentration of < i- 
sulfide and sulfhydryl groups was consistently found to be higher than | 
serum. The total sulfur fraction was higher in the liver but the rad _ »- 
activity of disulfide and sulfhydryl compounds was strikingly low in t| is 
organ. ELDJARN and NyGAArD stated that this may in part be due tc a 
continued oxidation of these compounds in the excised liver in spite 0 
immediate analysis. This investigation showed that in the rat there is ; 
relatively high concentration of the administered cysteamine in tissues 
which in unprotected animals are known to be specially sensitive to 
ionizing radiation. 

LAUBER et coll. (1958) have also investigated the distribution of §*- 


cysteamine. They found in rats that by 15 minutes after an injection of 


cysteamine there is a fair distribution of S* throughout most of thie 
tissues tested. The results obtained for testes and ovaries showed that 
S*-cysteamine penetrated these organs to the same extent as it did the 
muscles and skin. From similar experiments in mice LAUBER et coll. 
concluded that the gonads, like other tissues, take up cysteamine to the 
same degree as blood. 

In the present investigation a method has been used which makes it 
possible to scan the distribution of the radioactivity in practically all the 
tissues, organs and fluids of the body in large survey autoradiograms. 
The procedure prevents loss or migration of the labelled compounds after 
sacrifice. 


Methods. Eight outbred albino mice, 4 adult males and 4 females in 
advanced pregnancy (2 days before expected delivery) were used for the 
investigation. 

S*-labelled cysteamine (spec. act. 3.8 mc/mM) was obtained from the 
Radiochemical Centre, Amersham, U. K., in sealed ampoules. The sub- 
stance was dissolved in physiologic saline immediately before use and 0.2 
ml of the solution was injected intravenously to give an individual dose 
of 0.3 uc/g bodyweight. 

One mouse of each sex was sacrificed 20 minutes, 1 hour, 4 hours. and 
24 hours after the injection by immersion in a mixture of solid carbon 
dioxide and acetone (—78°C). Sagittal 20u-sections through the while 
frozen animals were cut and dried in a freeze chamber at —10°C. The au‘ o- 
radiographic exposure was made by apposition against ‘Gevaert Dent 1s 
Rapid’ film; exposure time 14 days. The autoradiographic method | 1s 
been described in detail by ULLBERG (1954, 1958). 
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Fig. 1. a) Autoradiogram showing distribution of S*® in a male mouse 20 min after injection of S*- 
cysteamine, White areas correspond to high radioactivity. b) Detail from (a) showing male gonads. 


02 Results 


The distribution pattern 20 minutes after injection is shown in Figs. | 
and 2. The organs have been grouped according to decreasing activity. 


iid The highest activity is seen in the pituitary gland, salivary and lacrimal 
yn § glands, eye and liver. The highest activity among the exocrine glands is 
wle ff observed in those producing a serous secretion, especially Harder’s 


'0- § gland. In the eye the highest activity is found in the retina; the activity 


ts § is also relatively high in the sclera and cornea while the lens has only a 
11s fj low uptake restricted to the periphery. The biliary ducts show a much 


lower activity than the liver cells. 
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Fig. 2. a 


) Autoradiogram showing distribution of S* in a pregnant mouse 20 min after injecti: 1 of 


S*-cysteamine. b) Detail from same animal as in (a), showing fetus. 
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A slightly lower activity is observed in the epididymis. spleen. thymus, 
ly iphatic glands, and the gastric and intestinal mucosa as well as the 
ki neys, adrenals, skin. arterial walls, and bone marrow. In the epidi- 
d nis the highest activity is present in the head. The activity in the 
t« cos is very low. The red pulp of the spleen shows a slightly higher 
ac ivity than the white pulp. In the intestinal mucosa the highest activity 
li in the region of the rectum. The activity in the gastrointestinal 
c tents is very low. In the kidneys a higher activity is observed in the 
n dulla than in the cortex. Since the activity in the urinary bladder is 
hi h, it is possible that the higher activity in the renal medulla is due to 
es ‘retion. In the adrenals the activity is slightly higher in the medulla 
tl nin the cortex. The hair follicles and the basic parts of the hairs show 
a omewhat higher activity than the surrounding skin. 

A third group is formed by the lungs, pancreas. muscles, blood and 
ce.itral nervous system in which a still lower activity is observed. In the 
luigs the highest activity is present in the bronchial walls. The concen- 
tration of the activity in the islets of Langerhans does not deviate signif- 
icantly from that in the exocrine part of the pancreas. In the brain the 
highest activity is found in the granular layers. The peripheral nerves 
show a much lower activity than the central nervous system. No activity 
is observed in the compact bone or teeth. 

The radioactivity in the fetuses in a pregnant female mouse 20 minutes 
after injection is slightly lower than in the mother; the activity in the 
liver dominates in the fetuses. A relatively high activity is observed in 
the intestines, arterial walls, retina, bone marrow, skin and conchae. The 
activity of the placenta and the uterine wall is of the same degree as 
that of the intestinal mucosa of the mother. 

One hour after injection (Fig. 3), the activity in the blood and the 
salivary glands has decreased. A relatively high activity now appears in 
the biliary ducts. An accumulation of activity can also be observed in 
the lumen of the small intestine, and particularly in the duodenum. A 
relative increase of activity is present in the bone marrow and the lym- 
phatic tissues. The white pulp of the spleen now shows a higher activity 
than the red. The pituitary gland has retained a high activity. After this 
interval, the fetuses still have a somewhat lower activity than the mother. 
Slight activity is observed in the fetal skeleton. 

After 6 hours, the activity in the pituitary gland and liver has de- 
creased whereas a relative increase has occurred in the lymphatic tissue. 
The contents of the biliary ducts and.the intestines present a further in- 
creosed activity. The fetal skeleton also shows a higher uptake but the 
ress of the fetus has, as in the earlier films, a lower activity than the 
mo"her. 

By 24 hours, the distribution of the radioactivity is more uniform 


ARNE NELSON AND SVEN ULLBERG 


liver stomach spleen pancreas 
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Fig. 3. 


cysteamine. 


(Fig. 4). The activity of the exocrine glands and the liver has now de- 
creased to a very low level. The activity in the muscles remains at the 
same level as does the activity of the central nervous system. 


Discussion 


The present study has confirmed some of the results of other investiga- 
tors (ELDJARN 1954, 1956, VERLY et coll. 1954, LAUBER et coll. 1958). A 
high uptake has been observed in the liver, spleen, intestinal mucosa. 
thymus. bone marrow as well as in the kidneys, adrenals, and skin. 
shortly after the injection of S*-cysteamine. 

The present investigation has also revealed a number of loci sucl: as 
the pituitary gland, salivary and lacrimal glands, and retina, with +till 
higher activity. The very high uptake in the pituitary gland seems tc be 
the most remarkable observation. The early uptake indicates that ‘he 
high concentration of radioactivity is due to cysteamine-cystamin: as 
such and not to metabolites. The high affinity of the pituitary glanc to 
cysteamine may be related to the high content of disulfides in som: of 


Autoradiogram showing distribution of S*® in a pregnant mouse 1 hour after injection of S*. 
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1, Autoradiogram showing distribution of S* in a pregnant mouse 24 hours after injection of S* 
cysteamine. 


the pituitary hormones. Another theoretical possibility is the incorpo- 
ration of cysteamine as a terminal residue of a peptide chain. Because of 
the importance of the pituitary gland as a central regulator of the meta- 
holism, a general radiation protection mechanism via this gland may be 
possible. The high activity in the lymphatic glands and gastric mucosa 
is of interest due to the high radiosensitivity of those tissues. 

A comparatively high activity has also been noted in the epididymis 
in contrast to the low activity in the testes. ELDJARN and NYGAARD (1954) 
have also observed a low radioactivity from disulfide- and sulfhydryl 
compounds in testes after the injection of labelled cysteamine and cyst- 
amine. These findings may explain the fact that testes are poorly pro- 
tected by cysteamine and cyst umine. 

The distribution of 8*-cysteamine shows a certain agreement with 
the early distribution picture after the injection of certain 8*- and C™- 
labelled amino acids (HANSSON and ULLBERG 1959). A number of tissues 
and organs with an intense protein synthesis show a high uptake of S*- 
cysteamine, e. g. bone marrow. spleen, gastro-intestinal mucosa. pituitary 
gland, liver, and salivary glands. 

Some differences. however. should be noted. The most striking one 
is the exocrine pancreas which shows a higher uptake of amino acids than 

iy other tissue or organ but does not accumulate any appreciable 
uount of cysteamine. The observation that the pancreas but not the 
livary glands discriminates between amino acids and cysteamine is 
i) teresting although at present no explanation can be given. In this 
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connection, attention should be drawn to the fact that the saliva y 
glands are exceptionally sensitive to irradiation (DESJARDINS 1928) | it 
that the pancreas is markedly radioresistant (BLoom and BLoom 195 ). 

The fetus shows a higher uptake of amino acids than the mot! er 
while the reverse is the case with S*-cysteamine. The S®* activity in t 
pituitary disappears much faster after injection of S*-cysteamine th | 
S* amino acids (ULLBERG 1959). 

It is well known that cysteamine is easily oxidised. The questi 
therefore arises as to in what degree the observed distribution picture 
represents intact cysteamine or is due to S* containing metabolites. 

LAUBER et coll. showed that 30 minutes after the injection of r: 
only 3 to 10 % of the total S* activity was present in the tissues a: 
oxidation products. They suggested that most the S* injected existed 
mixed disulfide or free cysteamine. 

The appearance of the metabolites S*-taurine and S8*-sulfate has bee 
observed by ELpJarN et coll. 24 hours after the injection of S*-cysi 
amine. 

The distribution of the radioactivity in our late autoradiograms shows 
some similarity to the distribution of S*-sulfate (DzmwIATKOWSKI 1951, 
BostrR6M, ODEBLAD and FRIBERG 1952) which is characterized by a 
considerable accumulation in cartilage. No uptake in cartilage, however. 
van be observed 20 minutes after the injection of 8*-cysteamine; by as 
early as 1 hour, a low activity appears in the fetal cartilage. 
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SUMMARY 


The distribution of S* in mice has been investigated by a whole-body autoradio- 

. . . . . 
graphic survey method after the administration of 8*-cysteamine. The uptake in the 
tissues, organs, and fluids of the body is described and discussed. 


ZUSAMMENFASSUNG 
Die Verteilung von S* bei Mausen wurde mittels Messung der Gesamtkérper-Au‘o- 


radiographie nach Verabreichung von S8*-Cystamin untersucht. Die Aufnahme in cen 
Geweben, Organen und Korperfliissigkeiten wird beschrieben und diskutiert. 


RESUME 


La répartition de S* chez des souris a été étudiée par une méthode d’autoradiog a- 
phie du corps en entier aprés administration de cystéamine S*. La fixation dans es 
tissus, les organes et les liquides du corps est décrite et étudiée. 


| 
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CENTRE CLINIQUE ET THERAPEUTIQUE DE L’INSTITUT GUSTAVE ROUSSY, VILLEJU 
(SEINE), FRANCE 


TECHNIQUE DE DOSIMETRIE EN 
CURIETHERAPIE INTERSTITIELLE PAR 
TOMOGRAPHIE TRANSVERSALE 


par 
B. Pierquin, D. Chassagne et M. Gasiorowski 
La dosimétrie de routine en curiepuncture par radium (aiguille) ou 


isotope artificiel (fil), qu'il s’agisse d’or 198, de tantale 182, d’iridium 192 
ou de cobalt 60, s’est. jusqu’a présent, heurtée a des difficultés techniques 


de représentation spatiale contraignant le radiothérapeute & des méthodes . 
de reconstruction indirecte, semi-directe (2) ou directe (1). | 


Nous proposons, pour les curiepunctures en lignes continues et parall¢- 
les, une technique de dosimétrie 4 partir d’une tomographie transversale 
permettant une représentation spatiale directe du matériel radifére sur 
Vimage radiologique. 

Nous avons étudié cette technique auprés de malades atteints cle 
cancers de l’oropharynx (amygdale palatine, base de langue). 


Technique 
1. La curiepuncture est effectuée sous contrdle radiologique et, «e 
préférence, sous amplificateur de brillance. 
2. Des clichés de face et de profil centrés sur la z6ne de curiepunctu ’e 
sont alors effectués : ils permettent d’apprécier lorientation de 


Soumis 4 la Rédaction le 21 Septembre 1959. 
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Patil Fig. 1. Isodoses standard établies 
autour de la section’d’un fil d’ Au’*, 
a sa partie moyenne, pour une acti- 
‘ vité de 1 mC em. L’isodose 10 corres- 
‘ ‘ pond a la dose de 10 r distribuée en 
‘ 
‘ 
‘ \ * 10 4 a)Filde longueur de et b) de4em. 
Fig. la Fig. Ib 


rincipal du matériel de curiepuncture et de projeter cet axe sur la peau 
n se référant aux images osseuses. 

Pratiquement. dans nos conditions oro- pharyngien. la direction de nos 
ils ou aiguilles se situe autour d’un axe vertical. Sur le cliché de profil. 
ious prenons comme référence osseuse les branches horizontale et montante 

du maxillaire inférieur. L’angle que fait l’axe principal du matériel 
adioactif par rapport au bord postérieur de la branche montante est 
mesuré. On reporte cet angle sur la peau jugale oti l’axe de la puncture 
peut étre projeté selon une ligne tracée au crayon dermographique. 

Sur le cliché de face, une autre ligne peut étre également projetée 
sur la peau en se référant au plan sagittal du massif osseux facial. Quant 
au plan de coupe transversal choisi pour la tomographie. il doit répondre 
au plan moyen de la ¢ uriepunctur e. I] passe donc par le centre du volume 
cible. Son niveau est déterminé par rapport au bord inférieur de la branche 
horizontale du maxillaire inférieur et également projeté et dessiné sur 
la peau. 


3. Le malade est alors transporté auprés du tomographe transversal 
(CGR Pantomix) sur le siége duquel il est fixé en position assise, l’axe de 
rotation du siége étant mis en parallélisme avec l’axe vertical de la curie- 
puncture grace aux projections cutanées du matériel radifére et aux plans 
verticaux lumineux des centreurs de Tropé. Il ne reste plus qu’a effectuer 
ia tomographie transversale selon les conditions de routine suivantes: 80 
<V. intensité 40 mA, temps de pose (ou de rotation) 4 sec. et coefficient 
le grandissement 1,3. 


4. Sur le cliché s’inscrivent les sections des différents fils ou aiguilles 
lonnant ainsi une vue directe de la disposition du matériel radioactif sur 
1 coupe transversale du volume cible; en tenant compte du facteur de 
randissement, le radiothérapeute peut alors mesurer directement sur le 
liché les distances entre les différents fils ou aiguilles et définir par 
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a b 


Fig. 2. a) Cliché de profil , b) cliché de face, contrélant la disposition de la puncture. 
I 


marquage les points type du volume cible ot il désire calculer la dose: 
Point A, au centre du volume cible, points B et C dans les zénes de 
rapprochement maximum des aiguilles, points D, E, etc ... dans les 
zones d’éloignement maximum des aiguilles. La dose en ces différents 
points peut étre calculée en quelques minutes en utilisant un calque 
transparent d’isodoses standard établies autour d’une aiguille ou d’un 
fil (Fig. 1) (selon des modalités tenant compte pour le matériel radioactif 
utilisé des unités de temps et d’activité choisies, ainsi que de la longeur 
radioactive du fil ou des aiguilles). Ce calque d’isodoses, superposé sur 
le film, est centré sur les différentes images de section du matériel radifére. 
On obtient ainsi par recoupement sur chaque point étudié (A. B, C.. .) 
la dose exacte dans l’unité de temps standard. Connaissant la dose totale 
qu'il désire administrer dans tel ou tel point du volume cible, le radio- 
thérapeute peut alors calculer le temps total de l’application. Ultérieure- 
ment, des courbes isodoses pourront étre dessinées sur un calque de la 
tomographie. 

Il est & noter que ces isodoses devront étre dessinées selon un coefficient 
de grandissement correspondant 4 celui du film tomographique. Ainsi. 
en quelques minutes, une dosimétrie peut étre établie pour chaque malade 
selon une méthode directe répondant & la mise en place réelle du matéric! 
radioactif. 


Exemple d’application 


Il s’agit malade atteint d'une lésion amygdaloglosse gauch 
(carcinome épidermoide) irradié préalablement par télécobalt a une dos: 
de 5 000 rads et dont le reliquat tumoral intéresse la loge amygdalienn 
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sur une hauteur de 15 mm avec une 
infiltration adjacente du_ sillon 
amygdalo-glosse et un petit noyau 
lingual enregard dusillon:diamétre 
apparent 12 mm, hauteur totale 
évaluée & un peu plus de 2 cm. 
Deux épingles d’Au 198, de 3 
cm de longeur avec un écartement 
de 1,2 cm, sont mises en place sous 
atte scopique avec amplifica- 
teur de brillance par l’intermédiaire 
de doubles gouttiéres vectrices, 
lune dans la loge amygdalienne, 
lautre dans la langue. en regard 
|g. 3. Le malade en place sur le tomographe. Les du sillon glosso-amygdalien (3). 
ux lignes verticales indiquent la direction de l’axe Des clichés de controle face et 
principal de la curiepuncture (pour vue de profil et 
e de face). La ligne horizontale indique le niveau profil sont effectués apres la punc- 
du plan de coupe transversal passant parle centre tyre, Sur le cliché de profil, axe 
du volume-cible irradié. 
principal du matériel de puncture 
apparait sensiblement paralléle a la 
branche postérieure du maxillaire (Fig. 2a); sur le cliché de face, l’inclinai- 
son du matériel en bas et en dehors fait un angle de 10° par rapport au 
plan sagittal de la face (Fig. 2b). Deux lignes sont dessinées sur la peau 
du malade: lune, latérale, l'autre antérieure, qui correspondent a l’axe 
principal de cette curiepuncture (Fig. 3). (Ces lignes sont figurées du cdété 
opposé a celui de la puncture pour des raisons de commodité de lecture au 
niveau du tomographe.) 
La tomographie transversale est effectuée perpendiculairement a cet 
axe (Fig. 4) et la dosimétrie établie selon les conditions techniques 
sulvantes: 


Une premiére lecture est effectuée immédiatement sur le cliché par le 
radiothérapeute qui contrdle rapidement la répartition de la dose, sur les 
points-tests choisis, en superposant les isodoses standard a partir de la 
section de chaque fil. 


La tomographie transversale est ensuite envoyée au service de dosi- 
métrie qui établit, a partir du cliché, une planigraphie des isodoses en 
se référant & une unité de dosimétrie arbitraire — dans notre exemple, 
isodose 10 correspondant & la dose de 10 roentgen/heure pour un fil d’une 

‘tivité de 1 mC/cm (3). (Ces isodoses valent pour un plan moyen passant 
| ar le centre du volume cible. On peut aisément corriger les variations de 
|. répartition de la dose aux deux extrémités supérieures et inférieures 
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Fig. 4. Tomographie transversale passant par le 

centre du volume-cible de la curiepuncture. (Les 6 

points sombres périphériques répondent a des fils 

de plomb de repérage situés sur le moule plastique 

utilisé pour lirradiation transcutanée en haute 
énergie.) 


Fig. 5. Isodoses autour de la curiepuncture par fils 


dv’ AU", 


de limplantation radioactive en tenant compte des isodoses standard 
établies selon l’axe vertical des épingles d’Au 198.) 

Des abaques permettent ensuite de calculer, en fonction du temps et 
de lactivité du fil, la dose totale sur les différentes courbes isodoses 
(Figs 5 et 6). Dans notre exemple, nous avons utilisé des fils d’or 198 
d’une activité linéaire de 4 mC/cm au moment de implantation. Nous 
avons choisi une dose de 5 000 r sur l’isodose 20 et 7 500 r sur l’isodose 30 
Une simple référence aux abaques (Fig. 6) permet d’établir la durée de 
irradiation 4,3 jours. 


Discussion 
Cette méthode ne peut prétendre résoudre tous les problémes d 
dosimétrie en curiepuncture interstitielle par éléments solides; en particu 


lier, elle ne peut s appliquer de facgon aussi rigoureuse aux techniques d: 
curiepuncture par grains. Par ailleurs, elle nécessite une implantatio) 
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sensiblement verticale qui puisse 
s accorder, aprés correction. avec 
le plan horizontal perpendiculaire 
de la tomographie transversale. 
C’est pourquoi nous ne la proposons 
actuellement en exemple que dans 
le cadre limité des curiepunctures 
de Voropharynx ot la disposition 
verticale des aiguilles est la plus 
conforme aux données anatomiques 
et chirurgicales. 

Ces restrictions ¢tant faites, 
cette technique de dosimétrie di- 
recte comporte de grands avantages 
en rapidité et en précision par rap- 


4 
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E DELIVREE AU NIVEAU DE L’ISODOSE 10 EN FONCTION 


port aux méthodes indirectes actu- 
ellement utilisées (reconstruction 
en vue stéréoscopique, reconstruc- 
tion a partir de 2 plans en position 
orthogonale) qui sont des méthodes longues, nécessitant des mensurations 
spatiales relativement imprécises. Quant a la dosimétrie directe par micro- 
cristaux de scintillation, elle se heurte 4 Vincertitude du repérage intra- 


Fiz. 6. Abaques établis au niveau de l’isodose 10. 


tissulaire du cristal par rapport au matériel radioactif. 

Notre méthode de dosimétrie par tomographie transversale permet en 
outre de situer exactement la position du volume-cible (et des isodoses) 
par rapport aux éléments anatomiques environnants (Fig. 4 et 5). 


RESUME 


Les auteurs décrivent une méthode de dosimétrie applicable aux implantation de 
matériel radioactif solide en lignes continues et paralléles (aiguilles ou fils). Une tomo- 
graphie axiale transverse passant par le centre du volume a irradier et perpendiculaire a la 
direction des aiguilles ou fils donne une représentation exacte de leur distribution. Les 
courbes isodoses standard permettent de calculer la dose distribuée en divers points de 
cette coupe tomographique. Cette méthode a été utilisée pour des malades atteints de 
cancer de l’oropharynx; elle parait rapide et précise. Elle peut étre appliquée pour d’autres 
localisations. 


SUMMARY 


A dosimetric method suitable for implanting solid radioactive material in continuous 
an parallel lines (needles or wires) is described. An axial tomogram through the centre of 
the area to be irradiated, and perpendicular to the needles or wires, provides an accurate 
re) resentation of their distribution. The dose delivered to various points of the tomographic 
la er can be calculated from standard isodose curves. The method has been used in cases 
of arcinoma of the oropharynx; it seems to be accurate and time-saving and may be applied 
to other sites. 
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ZUSAMMENFASSUNG 


Kine dosimetrische Methode, geeignet fiir Implantation (Punktion) mit solidem radi. - 
aktivem Material in kontinuierlichen und parallelen Reihen angeordnet (Nadeln od: 
Drihte), wird beschrieben. Ein axiales Tomogramm durch das Zentrum der zu bestrahle. - 
den Region sowie senkrecht zu den Nadeln respektive Drihten liefert ein genaues Bi | 
ihrer Verteilung. Die Dosen, die an verschiedenen Stellen der tomographischen Schich ¢ 
zur Anwendung kommen, kiénnen an Hand von Standard-Isodosenkurven berechn. t 
werden. Die Methode wurde bei Patienten mit Karzinomen des Oropharynx angewend 
Sie scheint genau und zeitsparend zu sein und kann auch fiir andere Lokalisationen .n 
Betracht kommen. 
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ROM THE RADIUM CENTRE FOR JUTLAND (DIRECTOR: PROF. CARL KREBS), 
UNIVERSITY OF AARHUS, DENMARK 


TREATMENT OF PLEURAL AND PERITONEAL 
CARCINOMATOUS EFFUSIONS WITH 
RADIOACTIVE GOLD (1956—1959) 


by 


Poul Bjerre Hansen and Agner Haug 


A number of malignant conditions may be complicated in their more 
advanced stages by metastatic extension to the serous membranes, re- 
sulting in the production of effusions containing tumour cells in the serous 
cavities involved. Continued tumour growth and increasing amounts of 
effusion gradually give rise to various pressure symptoms and signs such 
as pain and disturbances of pulmonary, cardiac and gastro-intestinal 
functions. 

Aspiration of the fluid generally results in immediate, apparent 
alleviation, but the tumour growth remains unaffected; the effusion will 
often rapidly recur so that repeated tappings at short intervals are required. 
In some cases, roentgen therapy may inhibit the growth of the tumour and 
the production of effusions. This effect is however most frequently of 
short duration and often unobtainable because, inter alia, many of the 
patients do not tolerate the roentgen irradiation, which must be given 
in large doses and over extensive fields in order to deal with the regions 
involved. 

Submitted for publication 30 October 1959. 

21 —603088. Acta Radiologica. Vol. 53. 


321 


322 POUL BJERRE HANSEN AND AGNER HAUG 


Intracavitary application of radioactive isotopes. A great advance in + 
symptomatic treatment of these cases was made when it proved to 
possible to inhibit or even completely arrest the production of effusions 
some time by the intracavitary application of radio-active isotopes. 1 
method of treatment was first tried in 1945 by MULLER who used Z 
During the last ten years radioactive colloidal gold, Au’, has b 
employed almost exclusively (MULLER 1950, HAHN et coll.) and 1 
therapeutic method has recently become very common. 

The effect is largely due to a beta radiation which has a ‘half-va 
layer’ of a few millimetres in organic tissue. Thus, only the tumour ¢ 
which are diffusely deposited on the serous lining, or have invaded 
most superficial layers and the free tumour cells in the fluid, are affect 
As, however, it is a question of large areas and considerable volumes. 
appreciable amount of tumour tissue. including free tumour cells. 
irradiated. In addition, an occlusive effect on the superficial lymphat 
and capillaries may be a contributory factor in the inhibition of the 
effusion, even though it might also be thought that the opposite would 
gradually occur through an inhibition of the back diffusion. Incidentally, 
the mechanisms of action of both the formation of an effusion and of the 
inhibitory effect of radiation are rather obscure; they will not be discussed 
here and the reader is referred to PRENTICE (1952), Tyor (1954), and Frixs, 
& KorrmererR (1957 and 1959) and (1947). 
Some of the colloidal gold suspension is absorbed and some is engulfed 
by phagocytes and transported through the lymphatics to the regional 
lymph nodes; small amounts of colloidal gold will gradually become depos- 
ited in various parts of the reticulo-endothelial system, especially the 
liver, and a little will be excreted through the kidneys. 

Accumulation of radioactive gold in the regional lymph nodes was 
previously supposed to exert a therapeutic effect on lymph node metastases. 
Autoradiography has shown, however, that the gold is rarely or never 
deposited in that part of the lymph nodes which is involved by the 
metastases, but in the remaining normal tissue, so that the ‘tumour dose’ 
becomes very small or practically nil (KNuTSON and Nortn 1956). The 
spread to other organs, especially the liver and bone marrow. may give 
rise to untoward effects, which, however, are very moderate with the 
doses in common use. 

In this connexion, the small amount of gamma radiation which 1s 
emitted from Au’* may also play a minor part, but this is of greater 
significance in the measuring procedures, after the injection of the gold. 

The radiation doses on the peritoneal and pleural surfaces have been 
calculated as approx. 4500 and 5000 rad after the administration of 
150 and 50 mC Au’, respectively (CHAMBERLAIN 1953). 
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Personal investigation 


We have now used this treatment systematically at our centre for 
itly four years in a series of cases of carcinomatous pleural or peritoneal 
usions. In many cases we have obtained a considerable palliative effect 
agreement with what has been reported from other centres of treatment. 

We have ducing the period invariably used colloidal Au’ (bought 
England) in average doses of 50 mC for intrapleural and 150 mC for 
traperitoneal administration. The first step in the administration of 

id was simple thoracocentesis or laparocentesis at the time when the 
iid was to be tapped. Free outflow of fluid ensures that the needle or 
wat is within the cavity, and a small amount of fluid is left behind to 
rve as a reservoir to facilitate the spread of the radioactive material. 
ie gold suspension. which is represented by only a small amount of 
iid, is placed in an open container suspended on a high infusion stand 
id covered by a thick-walled lead cylinder. A flask of * sterile physiologic 
saline is plac ed beside the gold container, and the outlet tubes from the 
two containers are connected with tubing and clamps. When the tapping 
is concluded, the system is connected to the needle or trocar by means of 
a long rubber tube. The gold suspension is then infused. and the entire 
system is flushed with the saline to ensure that the whole of the gold is 
utilized and to facilitate its intracavitary spread. To ensure a uniform 
distribution of the radiogold throughout the cavity the patient should 
change his position frequently during the first few hours after the infusion, 
lying with the head down, turning from side to side and from back to 
front, and standing upright. The distribution is first roughly checked by 
a gamma survey meter and two days later by scanning with a scintillation 
counter. 

A uniform distribution was obtained in 95 % of the cases. In the 4 
cases in which an uneven distribution was revealed this was due in 2 to a 
‘pocket formation’ in the pleura, while a small subcutaneous gold deposit 
had accidentally accumulated in 2 of the cases. The latter occurrence 
did not give rise to any serious discomfort hut a moderate skin reaction 
was visible for about 4 weeks. 

Gold therapy was employed in a total of 87 patients (137 treatments) 
from September 1955 to August 1959. The two largest groups of patients 
were women with cancer of the breast and the ovar y. 

As all the subjects obviously suffered from advanced cancer, most 
0! them have died, viz. 68 of the 87 patients. This emphasizes that the 
treatment was chiefly of a symptomatic palliative character. Owing to 
te high mortality, the evaluation of the results of treatment was either 

certain or impossible in 23 cases in which death occurred from 2 to 6 
eks after the infusion. Another two cases were excluded in the analysis 
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of the results as they were not checked at the Radium Centre after t 
treatment. 

Apart from the fact that the short survival renders it difficult 
impossible to assess the effect obtained, the length of the survival tin 
was not considered to be a decisive factor in the evaluation of the resu 
of this palliative therapy. Chief importance was attached to improvemer 
in the general condition and in the patient’s sense of well-being, e. g 
symptomatic effect evidenced by less dyspnoea and pain and by a dem« 
strable reduction in the production of the effusion and hence by long » 
intervals between the tappings. As far as the pleural effusion is concern: 
the effect may be checked by roentgenography. It has been shown 
animal experiments in addition that the effect of Au’ may also 
followed by cytologic studies with tumour-cell counts before and after 
the administration of gold (GoLpIE & Haun 1950). but such studies 
were not performed systematically in the present series. 


Results 


The results of intrapleural and intraperitoneal infusions of radioactive 
gold are shown in Tables 1 and 2, respectively. The number of cases with 
various malignant conditions is listed in the tables together with a survey 
of the results obtained. In the cases in which a definite effect was observed, 
this was classified as good or moderate; by a good palliative effect is 


understood a considerable general and symptomatic improvement and 
an appreciable reduction in the production of effusion extending over a 
period of at least 3 or 4 months, while a less marked or less prolonged 
effect is described as moderate. 

It appears from the tables that a good palliative effect was obtained. 


Table 1 


Intraperitoneal treatment with Aw 
Diagnosis Cases Effect of treatment Unassessab!e 
Good Moderate None cases 
Carcinomata 
Pleura 
Lung 
Breast 


Thyroid 
Rhinopharynx 
Sarcomata 


Total 
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Table 2 


Intraperitoneal treatment with Aw» 


Diagnosis Cases Effect of treatment Unassessable 
Good Moderate None cases 
cinomata 


ung 0 
sreast 0 

Kidney 

‘olon 

tallbladder 

coma 


Total 32 


about 40 °% of the cases and a moderate effect in about 20 °%,. If the 

assessable cases are disregarded, these percentages become slightly 
igher. It is seen that in the two largest groups benefit was derived from 
treatment with Au’* in 19 of 26 cases of pleural metastases from cancer 
o! the breast and in 14 of 19 cases of peritoneal carcinomatosis secondary 
to cancer of the ovary. It must also be emphasised that very good results 
were obtained in a third group, viz. cases of primary tumours of the pleura: 
this is evidenced by the fact that five of these eight patients are living and 
well at 4, 7, 11, 18 and 23 months after treatment without signs of further 
effusion or of a pleural growth. The preliminary results suggest that some- 
thing like a curative effect can sometimes be obtained in this type of case. 


Repeated treatment. Two, three or, sometimes, four infusions were 
given in a total of 34 cases and resulted in a marked and relatively pro- 
longed remission in 21, and in a more moderate but yet distinct effect in 
10 cases; the treatment failed completely in one case, and could not be 
assessed in the remaining 2 cases. Judging from the production of effusion 
in the cases in which a sufficient number of observations are available. 
the effect of a single infusion of Au’** seems to fade away within 4 or 5 
weeks. In several cases, in which two or three infusions were given. a 
definite inhibition of the effusion was not observed until after the second 
or third infusion. On the basis of these observations, we have recently 
endeavoured in suitable cases to give from two to four treatments with 
Aw at intervals of 4 to 6 weeks. It is our impression that this change 
has improved the results of the therapy. We have invariably used single 
doses of about 50 and 150 mC for each intrapleural and intraperitoneal 
in usion, respectively. It is possible that a higher initia] dose should be 
g.ven a trial, and that subsequent doses should be gradually reduced. 
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Side reactions. We have observed only very slight side effects at t 
dosage level used, in agreement with SmirHERs (1951) and MULLER 
Rossier (1951), inter alios. The side reactions consisted mainly of slig 
nausea and loss of appetite, in one case accompanied by vomiting. Thx se 
reactions subsided within a day or two, and most of the patients h 
no discomfort at all. We found that the treatment did not cause 
accelerate death in any of the patients who succumbed shortly after t 
infusion of Au’**. However, the majority of these patients, who wi re 
desolate and had extensive tumours, did not derive any benefit from t ie 
treatment, which is thus contra-indicated when the general condition i; 
very poor. Radioactive gold therapy is also contra-indicated in cases 
which the serous cavity is the site of Jarge solid tumour masses, or 
which the cavity is divided by adhesions or bands of tumour tissue. 
In cases of the latter type, the gold suspension may, as already mentioned, 
become trapped in a ‘pocket t’ and exert its activity on a limited area with 
the ensuing danger of local irradiation injury and a negative therapeutic 
effect. In one case we observed a strong allergic reaction to gold, resulting 
in a generalised skin rash, fever, and oedema of the face; this subsided 
within two or three days. 


Conelusions 


This the rapeutic use of radioactive gold must be considered to be of 


appreciable value in the palliative treé itment of cancer cases with malig- 
nant effusions. The yoga gives a very good palliative effect in 40 to 
50 70 of the cases and a more moderate improvement in another 20 to 
25 °%,. It is possible that ‘the effect may be intensified, and perhaps pro- 
longed, by repeated infusions. 

‘As e mphasized by MULLER (1951) it might, for example, be reasonable 
to use radioactive gold infusion as a prophylactic measure immediately 
after operation for carcinoma of the ovary. We have, however, not tested 
this possibility because the value of the administration of nitrogen-mustard 
derivatives has been studied with the same end in view in the ‘Departme nt 
of Surgery. 

F inally, it should be mentioned that both before and during the period 
under review we have in a few cases — especially in patients with systemic 
disorders complicated by pleural effusion or ascites — used the intva- 
cavitary administration of chemotherapeutic agents (nitrogen-mustard 
derivatives and thio-tepa). This method has resulted in satisfactory pall a- 
tion in some of the cases. HULTBERG inter al. has suggested that a com )i- 
nation of chemotherapeutic agents and radioactive gold, administered in 
that order, might prove beneficial. 
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SUMMARY 


Intracavitary therapy with suspensions of radioactive colloidal gold (Au!) in 87 
‘s of carcinomatous effusion in the pleural or peritoneal cavity is described and discussed. 
significant side-reactions were observed. Good palliative effects of long duration was 
ined in about 50 °, of all cases and in about 70 °% of the cases with carcinomatous 
sions originating from cancer of the ovary or breast. 


ZUSAMMENFASSUNG 


Intrapleurale und -peritoneale Therapie mit radioaktiven Gold (Au'®*)-Suspensionen 
87 Fallen von karzinomatésen pleuralen oder peritonealen Ergiissen wird beschrieben 
| diskutiert. Nennenswerte Nebenreaktionen wurden nicht beobachtet. Gute palliative 
uererfolge wurden bei 50 °% aller Fille erhalten und bei 70 %, von Fallen mit karzino- 
tésen Ergiissen, die vom Ovarium oder Mamma ihren Ausgang nahmen. 


RESUME 


Les auteurs décrivent et étudient le traitement intracavitaire par des suspensions 
dor colloidal radioactif (Au’®’) de 87 cas d’épanchement cancéreux dans les cavités 
pleurale ou péritonéale. Ils n'ont pas observé d’effet secondaire important. Ils ont obtenu 
de bons effects palliatifs de longue durée dans environ 50 ° 


> de l'ensemble des cas et dans 
environ 70 


» des cas d’épanchement cancéreux provenant de cancer de l’ovaire ou du 
sein. 
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BOOK REVIEWS 


(KILOCURIE CoBALT 60 THERAPY AT RADIUMHEMMET. EQUIPMENT, TECHNIQUE AND DOSE 
MEASUREMENTS. By S. Hultberg, O. Dahl, R. Thoraeus, K.J. Vikterléf and R. Walstam. 
286 pages, 161 isodose charts, 63 illustrations and 13 tables. Acta radiol. (1959) 
Suppl. No. 179. Price. Sw. Kr. 35: 


(The authors have brought to the attention of Acta Radiologica that it has been found necessary, 
fter the publication of this supplement, to issue a note of corrigendum and to replace the isodose charts 
‘os. 17 and 19 by new ones. These revised charts will be sent out to those who have already purchased 

copy of this supplement, and an insertion sheet with the new data will be attached to the edition re- 
iaining in stock.) 


A new kilocurie cobalt 60 apparatus, the features of which have been based on specified 
clinical and physical requirements, has been developed at Radiumhemmet in close co- 
speration with Siemens-Reiniger-Werke (SRW). The first unit, installed in May 1957, and 
in operation two months later, is the prototype of the Gammatron 1, now produced by 
SRW. The basic aspects of techniques in treatment planning, standard measurements of 
cobalt 60 gamma radiation, radiation protection, measuring equipment, and dose distribu- 
tions in different irradiation conditions, are presented in this volume. 

It is pointed out, furthermore, that the intention was to design a generally useful 
cobalt 60 beam therapy plant which should be as easy to handle in clinical practice as is a 
conventional 200 kV apparatus. 

The source head of the unit weighs only about 500 kg; it could therefore be supported 
on a movable vertical stand of the SRW betatron type, permitting stationary fields as 
well as are therapy techniques. The single plane collimator is composed of individually 
adjustable ‘fingers’ placed in groups of thirteen on each of the four sides so that square, 
rectangular or irregularly shaped fields may be formed. 

For the fluoroscopy and radiography of various body regions which are necessary 
n precision beam directioning, a so-called ‘simulator’ was constructed. 

Standard measurements of the cobalt 60 radiation were made with a substandard 
himble chamber unit which had been directly calibrated against: 1) four national free- 
ir standard chambers, 2) the cobalt 60 gamma standard of the National Bureau of 

“tandards, Washington, U. 8. A. The calibration factor obtained in the latter case was 
only about 2 per cent higher than that obtained in the region of 200 to 250 kV. 

The radiation measurements reported in the volume were all made with this sub- 
andard, or with other instruments calibrated against it. The central axis standard depth 
se data obtained in water agree within a few tenths of one per cent with the previously 
iblished Canadian values. 
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The protection properties of the cobalt 60 source head-shielding and its surroundin 
iron-ore-concrete (density = 3.8 g/cm*) barriers were carefully examined. As regards th 
head, as the source strength was about 1 000 curies it was found that there was a safet 
margin of a factor two beyond the limits recommended in the NBS Handbook 54. 
regards personnel monitoring, dose measurements on the staff were carried out contim 
ously from the date of installation of the unit, showing a safety factor of at least 5 beyon 
the maximum permissible dose given in the recommendations of the ICRP issued in 195+ 

For different measuring purposes a number of radiation detectors of various kin 
were carefully tested for energy variation response, direction dependence, and such pro} 
erties as accuracy and capability of producing a linear scale response over a fairly wid 
dose range. A number of Sievert condenser chambers of specially ordered uniform desig 
were used in an extensive series of dose distribution measurements. 

A number of two-dimensional dose distributions were measured in water with sti 
tionary fields. The focus-surface distance and surface field area varied within wide range 
The effects of wedge filters and penumbra trimmers were investigated and are illustrat: 
in isodose charts. 

In order to obtain a series of practical isodose charts for perpendicular axial ai: 
therapy in the cobalt 60 range, a large number (226) of complete dose distributions in the 
oscillation plane under different sets of combinations of treatment variables — oscill: 
tion angle, centering depth and nominal surface field width — were measured with homo- 
geneous cylinder phantoms of different shapes and dimensions; 135 of these charts, whic) 
it was considered might prove serviceable under appropriate conditions as standard 
isodose charts, were selected for publication. The influence of the nominal surface field 
length on the extension of the isodose contours parallel to the oscillation axis was primarily 
determined in the plane of symmetry and gave linear correlations. 

No detailed account of the clinical work, including the treatment of some 400 cases 
representing a variety of malignant conditions, nor of its results, could be given, due to the 
short time of observation. It may be mentioned, however, that no difficulties were ex- 


perienced in achieving a sufficient tumour dose in a suitable number of days with deep- 
seated growths; furthermore it was possible to carry out a satisfactory series of treatments 
in several cases which would have proved to have been beyond the range of the radio- 
therapy installations previously available at Radiumhemmet. 


Autoreview 


SONDERAUSSCHUSS RADIOAKTIVITAT BUNDESREPUBLIK DEUTSCHLAND. Zweiter Bericht 
Marz 1959. 117 Seiten und 8 Abbildungen. Georg Thieme, Stuttgart 1959. Price: 
DM 12.60. 


This book is a continuation of the first report, briefly reviewed in our May 1959issu». 
The measurement program on natural and artificial radioactivity in air, water, soil, foo:'- 
stuffs, etc., has been considerably enlarged and the results of measurements for the period 
November 1957 to October 1958 inclusive, together with notes on the methods employed, 
are presented. Dose measurements on personnel engaged in radiologic work are al:o 
reported. The ample material contained in the book should be of great value in assessii g 
modern radiation hazards. 

Sven Benner 
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RoENTGENOGRAPHIC SLIT Metuops. By Pekka Vuorinen. 88 pages, 42 illustrations 
and 5 tables. Acta radiol. (1959) Suppl. No. 177. Price Sw. Kr. 25: 


Methods based on the use of a narrow bundle of roentgen rays are considered in this 
mograph. The radiation is limited by a slit aperture of usually about 1 to 3 mm and 
‘ferent combinations of movements of the tube, slit, object, and film, during the expo- 
re, enable a satisfactory coverage of the film to be obtained. The various slit methods 
e described and the roentgenographic procedures to which they have been applied 
thoroentgenography, tomography, and the recording of dynamic phenomena are 
‘alt with in turn. The latter includes kymography, angiography, and regmography, 
hich is a form of cinematography. A slit method has also been tried for the elimination 
scattered radiation. 

The theoretical aspects and practical applications of the methods are considered in 
‘tail and supported by the results of experiments. The characteristics of a narrow bundle 
radiation, the exposure factors, and the distribution of the radiation within the object, 
well as blurring, are discussed. Formulae for calculation of the different factors involved 
e included. Orthoroentgenography, which has been employed in orthopaedic, obstetric, 
‘urologic, and ophthalmologic examinations, doubtless forms the most important appli- 
ition of the method. Any Bucky couch may be adapted for its use by small and relatively 
expensive modifications. The total amount of radiation received by the patient does not 
‘viate materially from the dese in conventional roentgenography. The association of 
e slit method with certain specialized tomographic methods (pantomography, rotation 
entgenography) presents several advantages. 

There is a full list of references. 


Autoreview 


LEITFADEN DER BEWEGUNGSBESTRAHLUNG. Teil I. Physikalische und methodische 
Grundlagen. Von H. Wichmann und F. Heinzel. 104 Seiten und 107 Abbildungen. 
Springer-Verlag, Berlin-Géttingen-Heidelberg 1959. Price: DM 42. 


The authors give a general review of dose distributions in different types of moving 
beam therapy and the various factors which influence them. They rightly stress the in- 
adequacy of purely geometrical considerations and give examples showing how they may 
lead to errors if applied without due regard to the laws of radiation physics. Methods of 
treatment planning and dose calculation are treated in some detail, with special reference 
to the ‘pendulum convergence’ apparatus made by Miiller of Hamburg. The necessary 
tables and diagrams are to be fully presented in a second volume and only selected exam- 

les are given in this first part. The two parts in conjunction should be of great practical 
value to all radiotherapists and hospital physicists using moving beam methods; the first 
part by itself provides interesting and thought-provoking reading well suited to clarify 

ie general ideas and to correct some current misconceptions, even though the reviewer 
is unfortunately unable to subscribe in toto to the opinions expressed. 

The book ends with chapters on dose measurements and on terminology. An index 

da list of references are both missing; they will no doubt be found in the second part. 


Sven Benner 
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DosIMETRIE UND STRAHLENSCHUTZ. PHYSIKALISCHE UND TECHNISCHE DATEN. Von R. ( . 
Jaeger. 282 Seiten, 97 Abbildungen, und 126 Tabellen. Georg Thieme, Stuttga 
1959. Price: DM 49. 50. 


An abundant material has here been collected in the form of numerous diagran ; 
and tables on the physical foundations of dosimetry of and protection against roentg: 
and other radiation and, more briefly, neutrons as well as the practical applicatic 
of these data. International recommendations and national (especially German) legis! 
tion on radiation protection are also reviewed. The connecting and explanatory te 
to the diagrams and tables is in most places purposely rather brief for the book is n 
intended as a text-book but as a reference handbook for radiologists, physicists a1 
technicians. As such, it is most valuable in collating in a handy form material from 
large number of dispersed publications. References appended to the various chapte 
further add to the usefulness. 

Sven Benner 


CARCINOGENESIS BY ULTRAVIOLET Licut. By Harold F. Blum. 340 pages, 57 figures an 
10 tables. Princeton University Press, Princeton 1959. Price: 6.50 dollars. 


The author and his co-workers have been engaged in studies on ultraviolet light as a 
carcinogenic agent, particularly on the induction of tumours on the ears of inbred mice. 
This seems to have been a happy choice since quantitative measurements on tumour 
growth in this situation are unusually favourable. The book is however far from a simple 
presentation of experimental carcinogenesis but rather a survey of the cancer problem in 


the widest sense. Before the author proceeds to tackle this, he sets out to give the reader 
necessary information on various aspects of quantitative biology. The first half of the 
book is therefore devoted to the effects of visible radiation, ultraviolet light, and ionizing 
radiation upon biologic material, as well as phenomena like photorecovery. There are 
also chapters on cytology, the growth and mutations of cells. 

The author is an accomplished writer with a vivid style and has produced an instruc- 
tive and enjoyable book. He has a speculative mind, but he clearly distinguishes between 
experimental evidence and hypothesis and the theories he develops. This is a valuable and 
recommendable distinction. 

It is shown by the experimental material that the induction of cancer by ultraviolet 
light is a continuous and cumulative process which commences as soon as the first dose is 
applied. The experimental evidence is not in agreement with the simplified idea that the 
induction of cancer by ultraviolet light is due to somatic mutations. The somatic mutation 
hypothesis, which was upheld by many workers in the cancer field some years ago, and 
formed a plausible premise for the induction of leucemia by ionizing radiation, has been 
abandoned in the last decade because of the increasing evidence to the contrary. 

In the elaboration of his speculations the author is led to postulate the existence of a 
cellular particle of very small dimensions which should be the basic unit in the cancer»- 
genesis. The particles are supposed to reduplicate, and at a particularly accelerated rae 
during the cancerization process. 

The reviewer has noted a slip in Fig. 27. The absorption spectrum for proteins ai ( 
nucleic acids has been mixed up; the correct curves are to be found in Fig. 4. 


Arne Forssberg 
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-AHLENBIOLOGIE. Von H. Fritz-Niggli. 379 Seiten und 168 Abbildungen. Georg Thieme, 
Stuttgart 1959. Price: DM 65. 


The number of text books and monographs on radiobiology is increasing and testify 
the interest in this field. Although the basic material which goes into these works is of 
essity mainly the same, there is often quite a difference between the physicists’ and 
» biologists’ approach to the many intricate and difficult questions pertaining to this 
bject. In the present instance the emphasis is on the medico-biologic side and the 
‘dical readers will probably find more of direct interest in this book than in the many 
hers which deal with the physical and theoretical aspects. 

Some 70 of the 345 pages of text cover radiation physics, chemistry and biochemistry. 
: the reviewer's opinion the author has used this limited space very well to present concise 
formation of a basic character and with an obvious trend to write ‘gemeinverstandlich’. 
the biologic sections much emphasis is placed on radiation genetics and Drosophila 
netics, for example, are dealt with in some detail. Mammalian radiobiology and par- 
‘ularly the radiation effects on the various organs of the body as well as on the embryonic 
iges of development are extensively treated. There are also informative chapters on the 
duction of cancer by radiation as well as on radiotherapy from the biologic point of 
ew. The author has obviously taken great trouble on collecting the rich material of text 
gures, 168 in all. These are often most instructive and tell at a glance more than long 
scriptions; particularly is this the case in the genetics chapter, where the schemes for 

crossings, which are sometimes difficult to follow in a text, come out remarkably well. 
So far as the reviewer is able to judge the presentation on the biology side is complete 


and up to date. 

The vast material is arranged in a way which facilitates the finding of any particular 
topic. The style makes the book easy to read and the author has on the whole made a 
really useful contribution to radiobiology. 


A rne Forssherg 


RONTGENDIAGNOSTIK DES MAGEN-DARMKANALS. Von R. Prévot und M. A. Lassrich. 
346 Seiten, 544 Abbildungen. G. Thieme, Stuttgart 1959. Price: DM 119. 


This book on the oesophagus, stomach, small intestine, and colon is in the roent- 
venologic tradition of Albrecht and Berg and the earlier works of Forssell and Akerlund. 
The technique of ‘gezielte Aufnahme‘, or ‘spot films’ has been employed, and the illustra- 
tions included are all excellent. The comparison made between the roentgen findings and 
morbid specimens deserves special mention. Hardly any work can compete with this one 

a standard in gastro-intestinal roentgenology. It does not contain many new diagnostic 
features but the subject matter is of the highest quality throughout, and it is richly 
!lustrated. The book is also beautifully presented. 
It should be added that the chapters on the biliary tract. pancreas and ‘the acute 
xlomen’ do not reach quite the same level as the other parts of the book, and that these 
¢\apters might perhaps well have been omitted. 
The book can be warmly recommended in spite of its price. 


J. Frimann-Dahl 
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ATLAS OF ROENTGENOGRAPHIC MEASUREMENT. By Lee B. Lusted and Theodore E. Keat 
176 pages, 119 illustrations. Year Book Publishers, Chicago 1959. Price: 9 dollars. 


The authors state in the preface that their aim has been to give the ‘practitioner 
medicine’ the reference material which is necessary in his daily work and which may | 
difficult for him to have at hand if he does not possess a conveniently accessible medi: 
library. The book is a compilation of various measuring methods published mostly | 
American authors but also by a few Scandinavian. Information is given, for the differe 
examination methods, about the original source of publication, names of authors, shi 
accounts of their technique, sources of material, and their measurements. Statemen 
have not been checked, however, and it is frequently said that statistics were not availal 
but that the measurements were based on the authors’ extensive experience. The bo 
therefore contains a mixture of valuable and worthless, or even incorrect informatio 
It is also surprising, from a Swedish viewpoint, to note that several methods of little val) 
for cardiac measurements are treated but that no mention is made of heart volume dete 
minations. 

A work of this type is likely to do more harm than good since in uncritical hands 
may produce a tendency to overrate the possibilities of obtaining reliable dimensiona! 
estimations on the basis of routine roentgen views, which in turn may lead to incorrect 
interpretations in the individual cases. 

Lindgren 


KLINISCHE RADIOLOGIE DES MAGENS UND DES ZWOLFFINGERDARMS. Von P. Porcher. 
H.-U. Stéssel und P. Mainguet. 264 Seiten und 260 Abbildungen. Georg Thieme. 
Stuttgart 1959. Price: DM 72. 


‘Roentgen examination’ or ‘radiologic diagnosis’ seem to be better and more precise 
terms than the somewhat ambiguous, although often used, designation ‘clinical radiology’. 
The technique of radiologic diagnosis of the stomach and duodenum is not of the highest 
standard in this book, a fact which makes it difficult to estimate the different methods 
advocated by the authors. As an example, the value of morphine is hard to appreciate 
when the pre-medication films might have been much better. This procedure is in itself 
not very pleasant and can hardly be recommended. The conventional examination must 
be utilized to better advantage before any drug of this type is employed. On the other hand 
it must be admitted that the effect of morphine may be useful in certain selected cases. 

The most interesting chapter in the book is one on parietography. This metho, 
worked out by the Japanese and the Italians, has been adopted in many clinics and a 
good series of cases illustrating its advantages and pitfalls is presented. No doubt thie 
procedure is valuable in detecting tumors and infiltrations of the stomach wall which iu 
some cases are better shown by it than by a positive contrast medium. A description >f 
the technique will undoubtedly be of value to those to whom it is unfamiliar. 

The book ends with a chapter on cine-radiography, one which, however, is not .0 
convincingly presented. 


J. Frimann-Dahl 
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} rp WIRBELSAULENLEIDEN UND IHRE DIFFERENTIALDIAGNOSE. Von J. E. W. Brocher. 
2. erweiterte Auflage. 457 Seiten und 269 Abbildungen. Georg Thieme, Stuttgart 
1959. Price DM 128: — 


This book, which was originally published in 1953 and was reviewed in Acta radio- 
gica 40 (1953), 446, has recently appeared in a new, extended edition. The detailed 
tention given to spondylitis tuberculosa in the first edition has been replaced in the 
cond by a more comprehensive description of different diseases of the vertebral column, 
id the title of the book has been altered to fit this redisposition of the material. 

The original chapters have been retained and supplemented with both text and 
lustrations. In the chapter on tuberculous spondylitis, the section on therapy has been 
djusted to accord with the increased knowledge now available regarding both medicamen- 
yus and surgical treatment. The chapter dealing with spondylitis of non-tuberculous 
rigin now contains examples with septic causes, as well as morbus Bang, and the im- 
ortant results reported by Romanus have been included in the extensive section on 
pondylitis ankylopoietica. The chapters on Scheuermann’s disease and deformities have 

.lso been made more complete. 

A new chapter is devoted to spondylosis (37 pages). The author expresses a doubt 
that the lumbosacral disk may be low in the absence of concomitant degenerative proc- 
«sses. In the reviewer’s opinion, it should be rea.ized that this disk constitutes an inter- 
riediate stage between the high lumbar and the completely obliterated sacral disks. It 
would therefore seem biologically natural to regard low height of the lumbosacral disk as 

step in the sacralization concept. The diagnosis of disk rupture, and myelography, are 
only briefly mentioned. 

The bibliography covers 20 pages. 

The work is based on extensive personal experience and detailed knowledge of the 
relevant literature and the illustrations are of excellent quality. Clinical data relating 
to the cases are given in the legends. The extensions and redisposition undertaken have 
added to the value of this comprehensive and instructive book. 


Folke Knutsson 


Meprastinum. By Ted F. Leigh and H. Stephen Weens. 214 pages and 290 figures. Charles 
C. Thomas, Springfield, Ill. 1959. Price: 11.50 dollars. 


This monograph is intended to cover all possible lesions of the mediastinum, which 
necessarily makes the compilation difficult, but it is evident that it is most convenient 
to find so many conditions of the mediastinum assembled in a single volume. The tech- 
niques employed differ, however, from those commonly used and seem in many respects 
to be defective. Tomography has not been exploited to its full extent, and the new method 
of pneumomediastinum combined with tomography, in which the Italians are particularly 
interested, finds no place in the text. Transverse tomography is not mentioned at all and 
the angiographic studies which are described can only be regarded as somewhat primitive. 
The chapters on diaphragmatic herniation and lesions of the vascular organs are of limited 
vilue. The some three hundred illustrations, most of which are double ones, are unfor- 
ti nately not well chosen, but many of the drawings are excellent. 


J. Frimann-Dahl 
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Atomic Mepicine. Third Edition. Edited by Charles F. Behrens. 705 pages, 150 figure 
and 54 tables. Williams & Wilkins, Baltimore 1959. Price: 15 dollars. 


The second edition of this well-known book appeared in 1953 and due to the rapi 
development in this field it is natural that a new revised edition has now been considere 
necessary. Many subjects have been added or more fully treated than those in the secon 
edition while some have also been excluded, resulting in a volume increase by not muc 
more than ten per cent. Surprisingly few changes, however, are evident in many of th 
chapters, such as the one on the fundamentals of radiobiology by Ellinger, which ca 
scarcely be considered up to date; such an important subject as the indirect action « 
radiation by the formation of free radicals from irradiated water molecules is not eve 
mentioned although it is briefly touched upon elsewhere in the book. 

The authors, including the editor, number twenty-five, a fact which has produce: 
repetition; the spheres of activity of the several authors in many cases partly overla, 
and it seems to have been difficult to arrive at a clear and logical division of the whol: 
subject matter. In the reviewer's opinion, however, the greatest weakness of the book i 
the editor’s effort to squeeze into it too large and varied a content. The volume covers basi 
physics, measuring instruments and methods, dose calculation methods, accelerator 
principles and experimental results of radiobiology, as well as the uses of radioisotope 
in fundamental medical research, diagn sis, and therapy, radiation protection, atom an 
hydrogen bombs and their actions, civil defence organisation, and the duties of air rai 
wardens. These two factors, the waste of useful space by repetition, and the wid 
range of the voluminous subject matter, have resulted in many important: subject 
being but briefly and often superficially treated. The book is therefore hardly suitabl 
for the tiro as an introduction to the field for he may well become confused by the some 
what unsystematic treatment. It is also in parts incorrect, or the meaning obscure, and 
should therefore be read with ‘a grain of salt’, but readers with sufficient previous know! 
edge and a critical sense will derive great benefit from the wealth of material collected. 
The extensive lists of references appended to some of the chapters are especially useful. 


Sven Benner 


